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Parts Cleaning
Pollution Prevention Information Packet

Can you use more information about making your cleaning operations more profitable? More likely to be in
compliance, or better? More environmentally friendly, using pollution prevention? And, who sells the necessary
equipment and materials? Would you like to get the basics in one place? Ohio EPA's Office of Pollution
Prevention has done some of that work for you. This packet has several of the best, most beneficial and commonly
referenced technical papers available in this area. We are pleased to provide this information to help make your job
easier.

Pollution prevention offers you some of the best opportunities to reach each of your objectives above. Please use
these references as guidance, and contact the Office of Pollution Prevention if you would like further information.

The information packet contains the following articles:

Introduction
1. Kuhn, A.T. 1993. Is it Clean? Testing for Cleanliness of Metal Surfaces. Metal Finishing 91(9):25-31.

2. Jones, W.C. 1985. Testing Surface for Cleanliness. Metal Finishing 83(10): 13-15.

Fromm, C.H., S. Budaraju, and S.A. Cordery. 1988. Minimization of Process Equipment Cleaning Waste.
Solvent Waste Reduction Alternatives Seminar: Speakers Notes. CERI-88-06. U.S. Environmental Protection
Agency, Center for Environmental Research and Information and Office of Solid Waste and Emergency
Response, Washington, D.C. 17pp.

(V3]

Alternatives in General

4. U.S.EPA. 1994. Guide to Cleaner Technologies: Alternatives to

Chlorinated Solvents for Cleaning and Degreasing. Available Pollution prevention means

Technologies for Alternatives to Chlorinated Solvents for Cleaning the use of source reduction
and Degreasing: Descriptive Aspects and Operational Aspects techniques in order to reduce
(Tables 2 and 3). EPA/625/R-93/016. U.S. Environmental risk to public health, safety,
Protection Agency, Office of Research and Development, welfare and the environment
Washington, D.C. 5pp. and, as second preference, the

use of environmentally sound
recycling to achieve these same
goals. Pollution prevention
avoids cross-media transfers of
waste and/or poliutants and is

5. New Jersey Technical Assistance Program. 1994. Know Your
Cleaning Alternatives. The Catalyst 1(2):4-5. New Jersey
Technical Assistance Program, Newark.

Aqueous & Semi-Aqueous Cleaning

6. Michigan Departments of Commerce and Natural Resources. 1994. multi-media in scope. It
Aqueous and Semi-Aqueous Cleaners. Fact Sheet #9409. addresses all types of waste and
Environmental Services Division, Michigan Departments of environmental releases to the
Commerce and Natural Resources, Lansing. 16pp. air, water and land.

7. Durkee I, J. 1994. Semi-Aqueous Cleaning: Is It For You.
Products Finishing 59(1): 62-68.

8. Ohio EPA. 1995. Extending the Life of Aqueous Cleaning Solutions. Fact Sheet No. 31. Office of Pollution
Prevention, Ohio Environmental Protection Agency, Columbus. 6pp.



Other Alternatives

9. U.S.EPA. 1994. Guide to Cleaner Technologies: Organic Coating Removal. Available Cleaner Technologies
for Coating Removal: Descriptive Aspects and Operational Aspects (Tables 1 and 2). EPA/625/R-93/015.
U.S. Environmental Protection Agency, Office of Research and Development, Washington, D.C. 6pp.

10. Konopka, J.E. 1987. Gentle Blast: Plastic Blast Media Removes Paint and Surface Soils Withour Harming
Substrates. Products Finishing 51(11): 74-81.

11. U.S. DOE. 1994. Supercritical CO,: An Environmentally Acceptable Alternative for Industrial Cleaning
Applications. Industrial Innovations for Tomorrow. Office of Industrial Technologies, U.S. Department of
Energy, Washington, D.C. 2pp.

12. U.S. EPA. 1994. Guide to Cleaner Technologies: Alternatives to Chlorinated Solvents for Cleaning and
Degreasing. Available Technologies: Supercritical Fluids. EPA/625/R-93/016. Environmental Protection
Agency, Office of Research and Development, Washington, D.C. 4pp.

13. U.S. EPA. 1994. Guide to Cleaner Technologies: Alternatives to Chlorinated Solvents for Cleaning and
Degreasing. Available Technologies: Carbon Dioxide Snow. EPA/625/R-93/016. Environmental Protection
Agency, Office of Research and Development, Washington, D.C. 3pp.

14. ‘Durkee 11, J.B. 1995. Regulations Affecting Aqueous Cleaning Systems. Products Finishing 59(8): 100-102.

A listing of potential vendors can be found at the end of the information packet. This list is not necessarily a
complete listing of vendors, but is being provided to help identify and locate vendors of pollution prevention
equipment and supplies. Ohio EPA does not endorse any of these vendors, but provides this information as a
service to Ohio businesses.

The U.S. Environmental Protection Agency's Enviro$en$e is a useful tool when selecting an alternative solvent.
Enviro$en$e is host to a computerized expert system known as the Solvent Umbrella. The Solvent Umbrella
allows users to find alternative solvent information through a single, easy-to-use command structure. In particular
Enviro$en3$e provides a link to the Solvents Alternatives Guide (SAGE). SAGE is an expert system that initially
evaluates the user's current operating scenario. Next SAGE identifies possible alternative solvent chemistries and
processes that best suits the defined operating and material requirements. Enviro$en$e is accessible through the
Internet at http://es.inel.gov or by modem at (703) 908-2092. SAGE is accessible within the Solvent Substitution
Data Systems section of Enviro$enSe.

Besides this information packet, the Office of Pollution Prevention (OPP) of Ohio EPA provides other types of
technical assistance. OPP provides industry specific pollution prevention from over-the-phone consultations to on-
site pollution prevention assessments. All services are non-regulatory and provided free-of-charge. OPP also
coordinates voluntary pollution prevention programs such as Green Lights and Ohio Prevention First. In
cooperation with the Ohio Department of Development, OPP administers a pollution prevention loan program. This
program loans funds for existing facilities to acquire or renovate machinery and equipment for pollution prevention
practices. For further information on any of OPP's program contact OPP at (614) 644-3469, or point your Internet
World Wide Web browser to: http://www.epa.ohio.gov/opp/oppmain.html.


http://es.inel.gov
http://www.epa.ohio.gov/opp/oppmain.html

Is It Clean? Testing for Cleanliness of Metal

Surfaces

by Anselm T. Kuhn,

Finishing Publications Ltd., Stevenage, Hertfordshire, England

Kuhn, A T. 1993. s it Clean?
Testing for Cleanliness of Metal
Surfaces. Metal Finishing
91(9):25-31. Reprinted with
permission from Elsevier Science
Inc.

CLEANLINESS:
UNGLAMOROUS BUT VITAL!

egular readers of Metal Finish-
R:‘ng would probably find it

impossible to locate a single
issue of the journal in which, one way
or another, the cleaning of metals prior
to their subsequent surface treatment is
not mentioned somewhere. Expert
after expert delivers the same simple
message—poor cleaning is the most
common single cause of defect inci-
dence or+coating failures. Among the
most common failures from poor
cleaning, we can mention poor adhe-
sion of coatings, poor corrosion resis-
tance, blistering and pitting, failure to
pass specification/standards tests and
stained and/or irregular coatings.

To make matters worse, very few
metal-finishing processes today are
based on a single coating. Duplex
metal coatings, metal plus conversion
coatings or metal plus organic coatings’
are commonly found combinations.
When these fail, it is mostly the outer

layer that manifests the failure—but

what is the real cause? All too often, it
goes right back to the lowest of the
coatings—and the cause is incorrect
cleaning. Troubleshooting such situa-
tions is an exercise most finishers
(except those who fancy themselves as
“private eyes™) can do without,

All of the foregoing is as true today
as it has been since finishing began;
but thanks to new environmental legis-
lation, nearly all metal finishers in the
United States and Europe have
changed (or are about to change) their
cleaning technologies. This might
mean new equipment using traditional
organic chlorinated solvents, such that
their escape into the atmosphere is
controlled. It might mean new organic
solvents, such as terpenes, or aqueous
or semiaqueous cleaning systems.
Metal finishing has been getting mixed
messages on this front. Some finishers
who have converted to aqueous or
semiaqueous systems have expressed

themselves as totally satisfied. Others
grudgingly accept that the new meth-
ods will do the job but still consider
that solvent cleaning gave a cleaner
surface or was more “forgiving” to
operate as a process. We have even
heard of a2 handful of plants that,
having made the switch, reverted to
solvent cleaning after what they saw as
a disastrous experiment. Whichever
the case, now more than ever, metal
finishers should be on their toes and
asking themselves, “Is it clean?”

What Do We Mean by “Clean”?
The answer to this question depends
on the metal-finishing process se-
quence being used. The most common
form of surface contamination is oils or
greases that originate from mechanical
processing, such as rolling, or are
deliberately applied as a temporary
protective coating for storage or ship-
ping. Mold-release agents are another
source of such films and, if based on
silicones, are arguably the most diffi-
cult to remove of all such films
encountered by the finisher. Films of
organic coatings such as these are bad
news for nearly all metal-finishing
processes. The only exception that
comes to- mind involves solutions
containing strong oxidizing agents
such as chromic acid, so chromium
plating (but not the nickel deposition
that usually precedes it) and chromic
acid anodizing are two treatment proc-
esses that can probably tolerate the
presence of organic film contaminants,
although, even here, no one is suggest-
ing that this should be put to the test.
Other forms of surface contamina-
tion can broadly be classified as
“chemical” (e.g, oxides) or “particu-
late” (dust). Of these, one can make
the following comments. Oxides and
hydroxides will be removed by
cathodic cleaning, by pickling or in-
deed by the cathodic nature of elec-
trodeposition processes themselves.
Particulates can give rise to plating

problems, causing rough deposits and
sometimes pits; however, unlike or-
ganic films, they can readily be seen
either with the naked eye or with a
low-power magnifying glass. Ascer-
taining their presence on the surface
therefore presents no great challenge.
In short, in mainstreamn metal finishing,
the presence of organic films is both
inimical to successful finishing and
difficult to detect.

In the printed circuit board (PCB)
and related industries, organic contam-
ination as described above is equally
undesirable, insofar as electroplating
and electroless deposition are key
operations; however, a totally different
form of surface contamination is no
less critical, namely that due to inor-
ganic salts, usually as a result of
incomplete rinsing from preceding
plating operations. Such residues, on
the surface of a PCB, permit the
passage of stray (“‘parasitic’’) currents
that can cause premature failure as a
result of corrosion (these salts are
frequently hygroscopic). This process
is sometimes known as “tracking.”

To detect such contaminants, the
PCB industry has evolved standard test
patterns for measurement of surface
insulation resistance. In addition, con-
ductivity measurements of rinse water
provide a means by which the danger
of low surface insulation resistance
values can be signaled. The Institute
for Interconnecting and Packaging
Electronic Circuits coordinates such
standards for the industry. Mainstream
finishers in the United States, the
United Kingdom and most other coun-
tries have no American Society for
Testing and Materials specification or
similar standard to guide them.

How Clean Should a Surface Be?

There have been various attempts to
provide a quantitative basis for meas-
uring surface cleanliness; however,
any such units must to some extent
depend on the nature of the soil and the
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method used for its measurement (e.g.,
chemical or physical). There is thus no
simple answer to the question of how
clean a surface should be, beyond
suggesting that if a suitable test has
been found, the results of that test can
be matched to the performance of
whatever surface treatment is subse-
quently applied. Without doubt, some
processes are far more sensitive to the
presence of soiled surfaces than others.
In some cases, the actual surface
treatment process incorporates its own
cleaning action.

Vacuum-based methods are also a
possibility for cleaning surfaces. Even
in a moderate vacuum, lowering total
pressure will increase the rate of
evaporation of an organic from the
surface, although this may still take
many hours to volatilize completely. In
electron or ion beam or plasma meth-
ods, the surface can be bombarded with
ions such as argon that are highly
effective in providing a new and
therefore clean surface.

As a generalization, it is probably
true that water-based coating processes
are more sensitive to even monolayers
of organic surface contamination than
solvent-based paint processes. In the
latter case, because there will almost
certainly be some mutual solubility
between the organic contaminant and
the solvent in the paint, the “batrier”
effect that operates in the case of
aqueous processes will largely disap-

pear.

METHODS FOR MEASURING
SURFACE CLEANLINESS

The importance of being able to

assess surface cleanliness was recog-
nized early in the 19th century. In
surveying the literature on the subject,
there is no doubt that a high point was
the American Electroplaters and Sur-
face Finishers Society (AESF)-spon-
sored research project in the early
1950s, headed by H. B. Linford. This
project, a model of its kind, started
with an exhaustive review of the
literature, went on to make a quantita-
tive comparison of the various tests
and concluded by suggesting modifica-
tions to some of the older methods. The
results were published in successive
issues of Plating~'3 and were also
issued by the AESF in booklet form.
The first industrially significant test
for surface cleanliness goes back to the

American Civil War, when photogra-
phers recognized the importance of
having clean glass plates before appli-
cation of the photographic emulsion to
the plate surface.!? Since then, a num-
ber of methods have been developed
for measuring surface cleanliness.

Visual (optical, microscopic)
Water break

Spray/atomizer

Fluorescence

Contact angle

Radiotracer

Stimulated electron emission
Attenuated total reflection spec-
troscopy

Combustion and carbon dioxide
analysis

Surface conductivity

Scanning electron microscopy
Auger spectroscopy, ESCA
Ellipsometry

Analysis of washings

Copper displacement

Dye methods

Other

These methods can be characterized
in two different ways. First, there are
complex methods that can only be
carried out in well-equipped laborato-
ries. These contrast with the simpler
methods that were devised to be used
either on the production line or in a
very modestly equipped production
laboratory. Second, there are methods
that indicate only the degree of cleanli-
ness, without offering any insight into
the nature of the contaminant, in
contrast with other techniques that
actually provide a degree of “chemi-
cal’infgrmation. Examples are (in the

~first category) techniques that measure
wetting or contact angle and (in the
second category) attenuated total re-
flection spectroscopy.

Although the purpose of this report
is to provide the most extensive over-
view possible of such methods, the
simpler methods are emphasized. For
those with the means and resources to
pursue the more complex techniques,
the relevant literature is cited.

OVERVIEW OF SIMPLE
METHODS

The following methods can usually
be implemented without any special-
ized equipment. They are at best
semiquantitative, at worst subjective.

Visual and Optical Inspection

Visual inspection of a bright me
surface by eye reveals only the gross
soils. Neither passive oxide films 1
thin layers of grease are thus to be se:
Ellis!* mentions such inspection
well as that enhanced by the use o
hand-held magnifier. Although the |
ter enables finer particulate soils to
seen, the invisibility of oxide or gre:
layers remains. Even if an opti
microscope is used, this is still tr
and although the latter allows partic
down to the limit of optical resoluti
(governed by the wavelength of lig
to be seen, care must be taken t
airborne dust particles do not fals
the results by settling on the t
surface during the examination
while the sample is in transit to |
microscope.

Another visual method is to wipe |
surface with a paper tissue or a piece
white cloth, such as cheesecloth, wh:
can then be inspected by eye or witl
magnifying glass. A white cotton glc
can also be used. This approach 1
been described by Linford and Saul
stre.” In cases where the sample is 1
bright and smooth, visual examinati
is of little use, whereas the wipi
method may provide some insights.

Even the simple approach based
wiping can be made quantitative,
suggested by Brandon.!®> A pressu
sensitive tape is used to pick
particulate soil and this is then view
in a densitometer, which records |
change in optical density resulti
from pickup of the soil.

Wetting Behavior

A clean metal surface is ‘‘hyd
philic”” and will thus be fully “‘w
ted”” by water. The presence of gre:
will prevent this, and, rather tt
spreading as a uniform thin film, 1
water or moisture will break up i1
discrete droplets. Passive oxide lay:
behave no differently from pure me
in this respect, and water wetting
thus not a test for the presence of st
layers. From this principle, a numl
of tests have been devised.

Breath Test

Simply by breathing onto a surf:
and observing the result, a judgment
cleanliness can be formed. A cle
surface produces a uniform cloudii
A greasy one will show droplets.

26

METAL FINISHING « SEPTEMBER 1¢



“

Water-Break Test -

Water is applied to the metal sur-
face, usually inclined at approximately
45° 1o the vertical. The formation of
discrete droplets suggests the presence
of hydrophobic impurities on the sur-
face, usually of long-chain hydrocar-
bons. Lutter'é points out that another
cause may be the use of hard water.
Calcium jons can react with 1ong-chain
fatty acids to form hydrophobic metal
soaps. If this is suspected, the test
should be repeated with deionized
water. Lutter makes the further point
that, in plants fitted with recycled
water from an ion-exchange unit, there
is the danger that although calcium
ions are removed, the concentrations of
nonionic surfactants will build up, and
these can interfere with the test.

Cohen and Hook!” make the point
that this test will not detect contamina-
tion by soaps or surfactants, nor will it
detect water-wettable particles, such as
rust, oxides or other finely divided
metals. In the same way, the presence
of surfactants in the water used for this
test will interfere with the results. In
some cases, the use of water is undesir-
able because it can cause rapid rusting.
Cohen and Hook also mention that the
thinner the water film used in this test,
the more sensitive it is. Still other
weaknesses in this test are due to
“bridging” of a small contaminated
area by a film of water.

In another version, described by

Linford and Saubestre, panels are rap-
idly removed from the test bath, and’

the number of seconds for water break
to occur are noted. Panels are with-
drawn vertically and should be so held
above the solution. Alternatively, after
withdrawal, they can be inclined at
45°, with water from a wash bottle
being applied, thus flooding the sur-
face for approximately 20 sec. Linford
and Saubestre’ suggest that the latter
method has a slight drawback because
it allows oil to migrate downward
during the test procedure.

Spray Pattern or Mist Test

This test, although similar to the
water-break test, is less sensitive to the
presence of soaps or surfactants and
thus forms a better basis for a simple,
routine works test. The wetted metal
surface is sprayed from a distance of 60
cm with distilled water from a spray
gun operated at 0.6-1.0-kg/cm? air
pressure for 30-50 sec. The resulting

patterns are observed. Two variations
are described by Lutter.!6 In the first,
which increases the sensitivity of this
test, the metal is previously etched in
1% hydrochloric acid. In the second,
the spray water is dyed with approxi-
mately 0.1% of a blue dyestuff.!8
Cohen and Hook!? describe how the
method can be made quantitative by
placing a sprayed panel inside a view-
ing box with a grid of 100 squares and
tracing the pattern with a pencil. The
number of squares appearing clean are
counted, and this procedure is averaged
over five panels. The result, expressed
as a number (out of 100), was named
the “cleanliness index” by Linford
and Saubestre.> An alternative proce-
dure, described by Linford and Saube-
stre, is to spray the panel after carrying
out a water-break test for approxi-
mately 15 sec. Because the panels hang
vertically, evaporation to dryness be-
gins at the top of the panel and works
its way downward until only drops at
the bottom remain. The thickness of
the resident water film is thus related to
its position on the panel, and the spray
pattern test is more sensitive near the
top of the panel (where the film is thin).
Even the slightest trace of oil droplets
near the top of the panel can cause
quite widespread areas being formed in
the spray pattern, whereas near the
bottom, the water droplets only form
directly above the oil droplet. This
makes the time factor critical. In
laboratory conditions, clean areas will
typically remain wetted for up to a
minute, after which dry patches will
appear, initially at the top edge of the
panel; however, if spraying is com-
menced teo soon (less than 45 sec after
drainage), some areas of potential
water break may still be wetted be-
cause there is still a fairly thick water
film on the surface.

Atomizer Test

This variant of the spray pattern test
was devised by Linford and Saube-
stre.5 The test is applied to a dry, not a
wetted, surface. The resulting wetting
action requires a higher surface energy
than for the already wetted surface of
the spray test. In consequence, this test
is more sensitive to the presence of
small amounts of grease, etc. Cleanli-
ness can be assessed in terms of the
area of wetted surface and also by
estimation of the contact angle of
residual nonwetted water droplets.®

Mercury Droplet Wetting Test

If a droplet of mercury is placed on
a truly clean metal surface, it will
spread: The presence of grease will
Cause it to retain a roughly spherical
shape. The same is true (and here the
mercury behaves unlike water) if oxide
films are present at the surface.

Talc Test

The smooth surface to be tested
(metallic or nonmetallic) is lowered
vertically into a container of water, the
surface of which has been dusted
lightly with talc. The interaction of the
talc particles with the smooth surface is
observed. This method has been de-
scribed by Donelson and Neish.!?

Another use of talc or lycopodium
powder is described by Lutter.!6 This is
not used directly as a cleanliness test
but to detect the presence of oily layers
on the surface of a cleaning bath. It will
be evident that where such layers are
present, however much a metal is
cleaned by immersion in solution, on
being raised from the cleaning solu-
tion, it will pass through such oily
films and be contaminated by them.
According to Lutter, when paraffins or
other nonpolar hydrocarbons are pre-
sent on the surface, they form spherical
or lens-shaped globules. In the pres-
ence of polar substances, such as
drawing lubricants, the hydrophobic
dust particles are displaced.

Copper Displacement Test

If a metal such as steel is immersed .
in an aqueous solution of copper
sulfate, a so-called ‘‘displacement re-
action” will take place—a pair of
coupled electrochemical reactions in
which the less noble metal (the steel) is
anodically dissolved, to be replaced by
the more noble metal (copper) deposit-
ing from solution. The old school trick
of immersing a copper coin in a
solution of silver nitrate to produce a
silver coating is another example. If,
however, the metal surface is obscured
by a layer of grease, this exchange
reaction will be impeded or may not
take place at all. Linford and Saubestra
recommend the following solution
composition: 63 g/L copper sulfate
(pentahydrate) and 17 g/L sulfuric
acid.

The panels are dipped rapidly into
solution, held motionless for 10 sec
and then removed rapidly and trans-
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ferred to a beaker of distilled water in
which they are agitated for 15 sec.
They are then hung vertically, washed
for 20 sec with water from a wash
bottle and allowed to dry, preferably
using radiant heat from a bright light
source, for example. Ether extraction is
used to remove any remaining oil
patches, and the panels are then exam-
ined.

Potassium Ferricyanide Test
(Ferrous Surfaces Only)
Rag-bond paper is cut into strips
approximately 6 X 12 cm. It is coated
on one side with a solution of 50 g/L
crystalline white gelatin and 50 g/L
sodium chloride (chemically pure
grade will do). The strips are laid flat
on a sheet of glass, and a glass rod,
dipped in solution, is rolled from one
side to the other. This process is
repeated four times. The paper is then
allowed 10 dry and can be stored ready
for use. Before testing, the paper is
soaked for up to half an hour in the
following solution: 50 g/L sodium
chloride, 10 g/L potassium ferricya-
nide and 1 g/L hydrochloric acid.
Linford and Saubestre” make the point
that it is wise to include acid in the
above formulation because, should it
be omitted, the blue color formed tends
to be streaky and light, making the
identification of oily patches difficult.
The test piece (a metal panel) is laid
flat on a piece of glass, and the
impregnated paper is applied to its
surface, with the gelatin-coated side in
contact with the metal. A glass rod
covered with an 8-cm length of rubber
tubing is rubbed briskly over the metal
surface for approximately 15 sec. Ad-
ditional test solution is poured over the
paper until it is completely remois-

- tened. After 3 min of contact, the paper

is removed and allowed to dry. Clean
areas will be relatively dark biue on the
test paper, whereas oil-contaminated
regions will appear as colorless or
yellowish zones. No notice should be
taken of the odd streakiness in blue
zones, which may be due to poor
surface contact, bad drying or oxida-
tion. This is especially true with re-
spect to the areas close to the edges. If
the time of contact is too long, the blue
color will partly disappear.

Linford and Saubestre suggest an
alternative procedure (generally less
satisfactory), and this is to dip the

panel, after testing, into 1 vol %
hydrochloric acid and study the blue
pattern. Pollack and Westphal?® quote,
as a source of information, an article by
Macnaughton.2!

Fluorescence Test

Some mineral oils and greases will
fluoresce in UV light, and this has been
used as a quantitative means of esti-
mating the amounts present.2 For
those greases (mainly animal or vege-
table) that do not themselves fluoresce,
use of a hydrocarbon-soluble indicator
dyestuff may be made. Typically, UV
radiation of approximately 365 nm is
used. In its crudest form, a subjective
assessment can be made using com-
mercially available UV light sources.
To place the test on a quantitative
basis, the results are photographically
recorded, using a UV filter. The sensi-
tivity of the method is linked to the
length of the photographic exposure,
which can range from ! min to 1 hr.
Such time extension increases the
sensitivity by approximately 15 times
and allows residues of some 0.12 g/m?
to be measured.? Since the time that
this sensitivity was quoted, there have
been advances in both film sensitivity
and fluorescence activity of dyes. One
would therefore expect even lower
amounts of soil to be detected.

Linford and Saubestre’® used both
mineral and lard oils to test degreasing
procedures, and both of these are only
faintly fluorescent in UV. They there-
fore used the dye fluorescent green
HW. Although this is described as
being “oil soluble,” they found it
impossible to dissolve sufficiently high

“.concentrations and therefore resorted

to an indirect technique. Approxi-
mately 1.7 g of dye was dissolved in 50
mi of solvent (Linford and Saubestre
used benzene, which would almost
certainly be prohibited today). This
solution was then heated over a water
bath until its volume was reduced to
approximately 8 ml. A refluxing action
down the container walls prevented
crystallization of the dye. This concen-
trated solution was clear, dark red and
free-flowing. While it was still hot,
some 400 ml of oil was added to the
beaker, and this solution was used for
testing. In the case of mineral oil, some
precipitation was occasionally seen
after a few days, and this was removed
by decantation or similar methods.

Animal fats did not produce simil
solids.

Lutter' makes the point that b
cause such a wide range of organ
compounds fluoresce, the presence
dust particles can interfere. Likewis
many surfactants will fluoresce, ar
these will give false indications eve
where they are present as fully wate
soluble species. A further criticism
the test is that hydrocarbon-solub
dyestuffs can be water solubilized t
synergistic effects (i.e., made hydrn
philic). In consequence, the degreasir
solution and, equally, the adhere
water layer:on the test sample beir
withdrawn from it, may contain suc
water-solubilized dyestuffs, which, b
cause they fluoresce, will again inte
fere with the test.2

Dye Test

This test, again described by Lu
ter,!¢ seems little known outside Ge
many. A sample of the cleaning sol
tion is placed in a beaker and raised
its prescribed operating temperature.
sample of metal for degreasing is the
introduced. As a result, the heavy sc
components (some inorganic, son
organic) settle at the bottom of tl
beaker, whereas lighter oily comp:
nents float on the surface. An o
soluble, water-insoluble dye is the
added, such as Sudan blue. This colo
the hydrophobic phase as well .
surface films of metal soaps or mon:
molecular layers, rendering them vis
ble. The bath is then stirred, using
magnetic stirrer. To facilitate compai
son, a constant stirring speed should 1
set. By study of the system, especial
from the size of the droplets of t
blue-dyed oily phase, the surface e
ergy and thus the cleaning efficacy
the solution can be judged. The small
the droplet size, the better it is. Aft
stirring is switched off, the time for tl
emulsion to re-form is noted. Bat
with strong cleaning effect can mai
tain the oil droplets in suspension f
longer or even maintain the emulsific
state, as shown by cloudiness of ti
solution. Depending on the type
cleaning solution used, emulsions c:
be stable for hours, even days, befo
breaking up to give a discrete oi
phase.

High-capacity cleaning baths a
characterized by a transparent ai
stable blue-colored colloidal solutio
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the presence of which can be verified
by a Tyndall effect. A further refine-
ment of this test is as follows. A
sample of the work being cleaned is
withdrawn from the solution. The dyed
liquid droplets should all roll off the
surface; residual oil droplets can be
easily detected thanks to their color.
The volume of cleaning solution
dragged out in this way can be easily
determined by colorimetry.

Yet another variant of this dye test
can be carried out by dyeing the
cleaning solution yellow, using a color
that is totally insoluble in the oily
phase. Magnetic stirring is applied,
and, in the presence of the finely
divided blue-colored droplets, a com-
plementary green color is seen in
solution, at times only transiently. As
soon as the stirring is stopped, this
vanishes. Cleaning baths not suitable
for practical use are those in which the
blue oily phase rapidly separates from
the yellow aqueous phase, rising to the
surface.

Emulsion-type baths tested in this
way give a milky cloudiness with a
green-colored emulsion; high-capacity
baths, in contrast, give a totally trans-
parent green solution that is stable for
extended periods of time. Only when
such baths have reached maximum oil
uptake capacity does a discrete blue-
tinted upper layer form on the surface’

High-capacity cleaning baths that
contain emulsifying agents, solution

promoters and hydrotropic substances :

must first be tested to determine
whether they are capable of solubil-
izing dyestuffs that are normally insol-
uble in water.

Lutter!¢ suggests that the dyestuff
tests described above are close to
actual conditions, and in addition re-
quire little time or materials to carry
out. They provide insights into the
behavior of cleaning baths and also of
specific lubricants or pastes used in
processing.

Clock Reaction for Copper and
Its Alloys

Granata et al.? described a simple
method, albeit one that is only useful
for copper and its alloys. This is based
on the so-called “clock reaction.”
Such reactions, well known to chem-
ists, are homogeneous solution reac-
tions exhibiting a measurable induc-
tion period. Strictly speaking, such

reactions might better be described as
“alarm clock” reactions because, to
the outside observer, nothing appears
to happen until the “alarm goes off,”
when there is, for example, a color
change. In this case, a solution is made
up with 0.025M sodium polysulfide.
This is formed by dilution of a 2.66M
stock solution. The copper sample is
placed in a Petri dish, and the cleanli-
ness is related to the time taken for the
sample to turn black; the cleaner the
sample, the shorter the time. Granata et
al.? quote times of 16 sec for freshly
abraded copper, increasing to 40 sec
after such samples have been exposed
to the atmosphere for four days. For-
mation of oxides on the surface (e.g, by
heating in air at 100° C for 6 hr or
immersion for a day in sodium hydrox-
ide) increases the times to blackening
to 75 and 585 sec, respectively. As an
alternative to color change, Granata et
al. describe how a potentiometric
measurement may be carried out using
a saturated calomel reference elec-
trode.

Spreading Wetting Test

Jones? rightly describes the water-
break test as a “go, no-go” procedure
and offers an alternative suggestion. A
series of solutions are made up, rang-
ing from 80% ethanol and 20% deion-
ized watér to one with 1% ethanol and
99% water. These solutions exhibit a
range of surface tension from 24.5
(corrected for variations in specific
gravity) to 66 dyne/cm. Above this,
solutions of potassium carbonate are
used to produce (800 g/L) a solution
with 101 dyne/cm. By application of a
drop of each Solution and examination
to see whether it forms a bead or a
wetting film, surfaces can be ‘“cali-
brated” with regard to their surface
energies.

Another description of the same
approach is that by Renaud?” who uses
arange of six liquids of varying surface
tension. A known, small volume of
each liquid is dispensed (5 pl) from a
microsyringe, and the degree of spread
is observed. Renaud rightly makes the
point that the results of this type of test
will depend on whether there is any
physical or chemical reaction between
the test liquid and the film (if any) on
the surface. A further exposition of the
method has been given by Cohen and
Hook,!” and Bystry and Penn? have

also described the use of the method.

Other Simple Methods

Pollack and Westphal?® list most of
the above methods and others as well.
These include the following:

1. Gravimetric test—one of the least
sensitive.

2. Mears test (Elms modification).
Single drops of an aqueous solution
containing 32 mli/L of 30% hydro-
gen peroxide are applied to a sur-
face, and the time taken for corro-
sion to appear is measured. The test
is described as “not very satisfac-
tory.”

3. Simple contact angle test,

4. Oil spot test. A droplet of degreasing
solvent is applied to the so-called
clean surface and then evaporated.
Formation of a ring suggests the
presence of oil.

5. Rock Island drop test. Distilled
water droplets are allowed to fall
from a specified height onto the test
surface. The method is said to
distinguish between a clean surface
and one soiled with a 0.01% oil
solution.

6. Ring test. A drop of water is formed
on the ring of a surface tension
tester, and this ring is then lowered
to contact the test surface. The
process is repeated, and the number
of such contacts required to transfer
all of the water is noted.

7. Kerosene viewing of water break. A
wetted panel is dipped into a beaker
of kerosene lit from below. Near
water breaks are displaced by kero-
sene, giving a sensitivity better than
the usual water break. The sensitiv-
ity is said to be equal to or better
than the atomizer test.

Of the simple methods that Linford
and Saubestre tested and compared,
they concluded that the ranking of
sensitivity -was atomizer > fluorescent
dye > spray pattern (water break) >
potassium ferricyanide dip > copper
sulfate dip. Linford and Saubestre’s
work, which is too extensive to repro-
duce or even summarize here, provided
comparative data not only for the
various methods cited above but, in a
second classification, in terms of the
type of grease used to contaminate the
surface of the metal (e.g., animal or
mineral in origin).
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Table I. Sensitivity of Test Methods

Relative Sensitivity

Method Minimum Detectable Residue {g/m?)

Fluorescence 0.225 1

Water break 0.022 10

Radiotracer 0.002 110

MORE COMPLEX METHODS moethane. Solvent carriers were cy-

Included here are techniques that do
call for some instrumentation, although
they require no very expensive equip-
ment.

Radiotracer Method

Radiolabeling was a technique very
widely studied and favored from the
1950s onward, when radioactive iso-
topes first became available. There are
probably hundreds of publications
(see, e.g., Chapter 21 in ref. 29) in
which the adsorption of organic spe-
cies on a metal surface has been
studied. If the first such studies were
made in the United States in the 1950s,
the great bulk of subsequent work
emanates from the Eastern European
countries, and aithough the method
appears to have fallen out of favor in
the West, it continues to be used in
Eastern Europe. The increasing availa-
bility of radioisotopes explains the rise
in popularity of the method. The
subsequent tightening of legisjation
and regulations governing the use of
radioisotopes in laboratories and in
industry explains why the method has
largely fallen from favor. Indeed, it
would not be far from the truth to
suggest that for these reasons the
method is now only of interest for
historical reasons and for very special-
ized research. As a method for routine
industrial use it is fair to state that the
procedural requirements involved in
the use of radioisotopes make the
method more trouble than it is worth.
In this spirit, it is worth reproducing
the data shown in Table 1.2

Radiotracer methods had a brdef
revival in popularity in the form of the
evaporative rate analysis method used
to characterize the cleanliness of razor
blade edges. The essence of the method
was to determine the rate at which a
test liquid containing a radiotracer
element evaporated from the metal
surface. As little as 0.02 jig/cm? of oil
could readily be detected in this way.
Typical radiotracers were n-tridecane
(with carbon-14) or ‘1,1,2,2-tetrabro-

clopentane, straightforward freons or
freons with 10% chloroform. The es-
sence of the method is that, by interac-
tions and mutual solubility, the pres-
ence of grease on the surface can
inhibit the rate of evaporation. A
method was described at length by
Andrade’ and earlier by Hamilton.?!

Measurement of Contact
(Surface) Potential Difference
Guttenplan3? describes the surface
potential difference method, which,
unfortunately, once again uses a radio-
active source. In this case, the radioac-
tivity is used to initiate ionization. The
probe is placed some 1-10 mm above
the test surface in air, and the potential
difference is electrometrically meas-
ured using a high-impedance instru-
ment. The basis for the method is the
effect that surface films have on the
electronic work function of a metal
(energy required to withdraw an elec-
tron). In his report, which also cites use
of the method to characterize alumi-
num after conversion coating, Gutten-
plan compares its sensitivity with the
water-break test, finding it easily capa-
ble of detecting films that were not
shown by the water-break test. The
report describes plans to develop a
commercially available instrument, but
it is.not known whether this was ever

. produced.

Another variant of this method—
electrostatic charge decay—measures
this quantity and also contact potential
difference. It was developed for use on
the space shuttle to check the cleanli-
ness of the aluminum surface on the
fuel tanks and has been described by
Cibula et al.33

Combustion Methods

By introduction of a sample of metal
to a furnace and passage of oxygen
over the surface, oily matter is oxidized
to carbon dioxide and water. The
former species is determined by one of
a number of analytical methods. To
ensure complete combustion to carbon
dioxide rather than the monoxide, a

catalytic stage is included (e.g., usi:
silver wool and barium chromate).

description of the method with typic
data, including reproducibility, w
published by Kresse et al.> The tec
nique is not overly sensitive; 5—
mg/m? was used in this particul
work. Oxidation times are typically

min and oxidation temperatures a
proximately 600°C. The criticism h
also been made that soils not contai
ing carbon pass undetected by t
method.

Cohen35 describes a variant of t
method used by the Ford Motor Co.
follows. A fiberglass cloth saturat
with 50% hydrochloric acid is used
mop a 4-in. X 12-in. steel panel. Af
appropriate drying, the carbon conte
is determined by combustion in ox
gen at 400 and 600°C, the carb
dioxide being determined in one of t
usual analytical procedures.

Contact Angle Measurements
Related to the spreading wetti
tests above, but more sophisticated
its approach, is the actual measurem¢
of the contact angle of a sessile drc
which has been mentioned by seve
authors, including Cohen3S and Rice

Washing Tests

A family of tests have been dev
oped, mainly by the electronics indi
try, in which the surface to be testec
washed with an aqueous or nonaqi
ous solvent. The washings are tt
subjected to analysis. A trench:
criticism of this approach is that
detects only soil that has been
moved, not that remaining on
surface. In a sense, it is precisely -
latter rather than the former that is
greatest concern. A full treatment
this class of test is given by Ellis.14

Analysis of Washings

The simplest method for washir
analysis is conductimetric, and this,
Ellis describes, has formed the basis
several commercial instruments; h¢
ever, it should be clear that the p1
ence of ionic species (acids, alkalis :
salts, mainly inorganic) is of gre:
concern to the electronics industry tl
to the majority of surface treatm
processes. That said, such conta
nants can interfere with other surf
treatment processes, for examj
phosphating.
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OTHER METHODS

Space does not allow more than a
brief mention of other methods. Per-
haps the most useful for practical
purposes is the optically stimulated
electron emission method in which
light in the visible or UV region
irradiates the surface, and the current
resulting from emission of the stimu-
lated electrons is recorded. The method
has been described by Chawla®” and is
of special interest because it is the only
“modern” instrumental method not
involving major financial investment.
The use of attenuated total reflection in
the infrared region can lead to identifi-
cation of the actual contaminants. The
surface insulation resistance method is
best carried out using a standardized
“maze” pattern of electrically con-
ducting tracks on an insulating sub-
strate. This is formed by the normal
methods used in fabrication of PCBs.
Then, to0, there are the methods using
scanning electron microscopy (ena-
bling density of resident particles to be
counted) as well as analytical methods
such as Auger electron spectroscopy or
electron spectroscopy for chemical
analysis. These can, of course, allow
inferences to be drawn as to the nature
of the surface contaminant, but their
use is limited to the largest organiza-
tions that have such equipment in;
house.

CONCLUSIONS

This report will serve to give some
idea of the wide range of test methods
for assessing surface cleanliness devel-
oped over the years, although it does
not claim to be exhaustive. How is a
prospective user to choose among
them? Clearly, they can be ranked in
terms of the cost of equipment or
instruments required to carry out such
tests. Then, too, the nature of contami-
nation will affect the choice. Particu-
late soils are not suited to some of the
methods described above, and even in
terms of oily layers the nature of the oil
can be important. The same questions
affect the issue of test sensitivity.
Linford and Saubestre carried out tests
in which the sensitivity of some of the
simpler methods was compared. What
is undoubtedly true is that the ever-
decreasing cost of computer-linked
optical scanners or cameras should
prompt a reassessment of the methods

that previously relied on superimposi-
tion of grids to derive a quantitative
result. And, most certainly, such is the
diversity of methods available that no
metal finisher should be able to offer
any excuses for processing poorly
cleaned work.
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INTRODUCTION

he common bond that ties all

facets of the metal finishing in-
dustry together is the necessity for
adeqguate cleaning prior to the ap-
plication of the specific coating or
reatment. Countless papers on
cleaners have been presented,
teling what they are, how they
work, and the variations in operat-
ing conditions necessary to pro-
duce the degree of cleanliness re-
quired for the specified metal fin-
ishing process.

Technical data sheets describing
proprietary cleaners always have a
section on control of the cleaner.
This is usually some form of a titra-
tion procedure that, in the case of
glkaline cleaners, measures either

the free or fotal alkalinity of the
" working solution.
~ While this technique measures

the concentration of the solution, it
does not measure its effectiveness
as a cleaner, even on initial make
up. for the specific job it has to per-
form, nor does it sense the de-
crease in effectiveness of the
cleaner as the soil load increases.

Unfortunately, the most common
method for determining that a
cleaning problem exists is the ap-
pearance of rejected work be-
cause of variations in surface qual-
ty, irregular coatings, blisters, pits,
streaks, or lack of adhesion. Al
these are familiar indications of a
cleaning problem.

Oirect measurement of the soil
load in a cleaner is not practical
since the techniques involved are
fime consuming and beyond the
scope of the industrial metal finish-

ing laboratory. The practical signifi-

tance of the results obtained
would be dependent on a single
il input, a condition which sel-
dom exists. .

——

Obviously, the preferred method
for measuring the effectiveness of
the cleaning process is to evaluate
the cleanliness of the actual metal
surfaces that have been cleaned
under specific processing condi-
tions.

CURRENT METHODS

Many tests have been proposed
for evaluating the cleanliness of a
metal surface. Among these are
radioactive counting technigques
using a tfagged component in the
soil to be removed.

This is a highly specific method
that depends on measuring the
cleaner’'s performance against a
soil of known composition. It in-
volves specialized equipment and
procedures that are not commonly
used in the industry.

The ability of an acidified copper
sulfate solution fo form a continu-

‘ous replacement copper coating

on q steel surface is sometimes
used as a method for evaluating
surface cleanliness. It is of limited
application_and is qualitative rath-
er thag guantitative.

Inspection of surfaces under ul-
tfraviolet light for fluorescent organ-
ic materials is, again, a qualitative
technique. Sophisticated analyti-
cal procedures to measure the
amount of surface carbon on steel
fest pieces have been advanced
as a preferred method, but the
equipment is expensive, and the
area sampled is small.

The test depends upon the con-
version of the small amounts of or-
ganic carbon (present in residual
oils and soils fogether with the car-
bon present in the smut) fo carbon
dioxide in an oven at controlied
temperatures and in an oxygen
stream. Operating conditions are

maintained so as to prevent the
carbon in the steel from influencing
the results.

Detection of the small amount of
carbon dioxide generated requires
special procedures. While carbon
is a probable component of most
metal surface soils, there is no guar-
antee of this being true, and a sur-
face showing low carbon does not
necessarily indicate a clean sur-
face.

Physical methods have been aa-
vanced that attempt to measure
the ability of a drop of pure water
fo wet a cleaned surface. These
techniques measure the contact
angle between the drop and the
surface or the height and/or diame-
ter of a drop of water of known vol-
ume on the surface. Again, these
procedures require specialized
equipment and are more suitable
for the research laboratory than for
a production control laboratory.

By far. the most common test for
surface cleanliness is the “water
break” test. A visual evaluation is
made of the ability of water to wet
the cleaned surface completely
without pulling back to form beads
of water and leaving unwetted
areas. When properly performed,
the test should be conducted after
the test piece has been acid
dipped and rinsed to remove the
last traces of any residual alkaline
cleaner that wouid influence the re-
sults.

Obviously, this is a go. no-go,
type of test that establishes one lev-
el of cleanliness as being accep-
table for all metal finishing proc-
esses. It does not take into account
the fact that certain processes re-
quire a higher degree of cleanili-
ness than can be detected by this
test while other processes may be
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performed successfully at a lower
degree of cleaning efficiency.

BACK TO BASICS

When a surface is cleaned by
either physical or chemical meth-
ods, or a combination of the two,
the net result is an inerease in sur-
face energy and a measure of
surface energy is a direct measure
of cleanliness.

In the liquid phase, surface ten-
sion is a direct measure of surface
energy. Therefore, a comparison of
the surface energy of a metal sur-
face with the surface tension of a
liquid, yields a direct measurement
of surface cleanliness.

In practical terms, if a drop of lig-
uid of known surface tension is
placed on a metal surface and
that liquid wets the metal surface
and spreads as shown in Fig. 4, this
indicates that the surface energy of
the metal is greater than the sur-
face energy of the liquid.

Conversely, if the drop of liquid of
known surface tension remains as a
bead and does not spread., as
shown in Fig. 2, then the surface en-
ergy of the metal is less than the sur-
face energy of the liquid. J

A graded series of liquids of
known surface tension can there-
fore be used 1o measure the sur-
face energy of a metal surface,
and therefore its cleanliness, by ob-
serving whether or not the liquid
wets and spreads on the dried sur-

face of the actual part that has. |

is less than surface energy of
metal. Solution spreads into ir-
regular pattern.

been cleaned.

The use of graded sets of liquids
of known surface tension has been
used in the past o measure the sur-
face wettability of plastics and met-
als as well as metal cleanliness, but
they have been limited to surface
tension at or below that of water.

The test procedure herein de-
scribed extends this range to in-

clude surface tension above that of ™

pure water and arranges the sur-
face tension of the test liquids in a
geometric progression of 11 steps
frofh about 25 to 100 dynes per

—

Fig. 2. Surface tension of test soluti
is greater than surface energy
metal. Solution retains bead fo
and does not spread.

centimeter. The composition o
properties of the test soiutions.q
shown in Table |.

The ethanol values are based
anhydrous ethanol. Reagent grox
potassium carbonate was us
and solutions were prepared ush
deionized water in carefu
cleaned glassware. ’

The apparent surface tensic
were measured by the ring methx
as depicted in Fig. 3 and correck

or specific gravity using standc
rocedures. The solutions based:
tassium carbonate were treak
ith activated carbon and filter

Table
Composition Apparent Corrected
Solution % by Volume Surface Tension Specific Surface Tension
Number Ethanol DI water Dynes/cm Gravity Dynesicm
0 80.0 200 27.2 0.850 24.5
1 510 49.0 342 0.922 282
2 330 67.0 36.0 0.955 327
3 215 785 419 0.970 384
4 143 85.7 473 0.978 43.7
5 9.3 0.7 534 0.985 49.7
é 4.5 955 613 0.991 57.6
7 10 99.0 704 0.995 66.6
g/L Potassium Carbonate
8 220 80.0 1.474 75.8
9 520 94.2 1.377 86.3
10 . 800 106.7 4.535 104.2
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jor to surface tension measure-
ment. The_agueous ethandl “solu-
jions require no additional treat-
menT.
" 1he solutions should be stored in
clean glass containers. Small glass
pottles with a glass medicine drop-
r closure are convenient for use
in performing the test.

To perform the test, the surface
should be processed through the
cleaning cycle, rinsed, and then
gried with a current of clean air.
without delay, a drop or series of
drops Of one of the test solutions
are placed on a horizontal surface
of the test piece noting whether it
peads of spreqds.

There is no need to be con-
cemed with contact angle or drop-
et height. if the droplet beads,
move to the next lower numbered
solution  and  continue  moving
down one number until a solution is
reached that wets the surface
spontaneously.

The results are reported as the
owest numbered test solution that
can be made to bead on the sur-
face. In evaluating a large areq,
check a number of different loca-
tions as the degree of cleanliness
will vary from area to areaq.

CONCLUSION

This test represents a practical.
ropid. economical and sensitive
method for the metal finisher to:

1. Control the present cleaning
procedures. .

2. Monitor the "life” of cleaners.
3. tvaluate competitive processes.

4. Screen incoming surfaces for
“difficult o clean” soils. MF
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ABSTRACT

The waste associated with cleaning of process equipment is probably a significant
contributor to the total waste volume generated by industry. This paper addresses the

following aspects related to equipment cleaning waste generation:

0 Review of reasons for cleaning process equipment

0 Reduction of cleaning frequency

o} Reduction of quantity and toxicity of cleaning waste
0 Costs associated with cleaning

Equipment cleaning techniques, media, and their applications are reviewed. Reduction
of cleaning frequency is addressed in terms of inhibition of fouling through proper
equipment design and operation, maximization of equipment dedication, proper
production scheduling, and avoidance of unnecessary cleaning. When cleaning has to
be performed, the quantity and toxicity of resulting waste can be minimized by
reducing clingage, amount of cleaning solution, choice of less toxic cleaning solution,
cleaning solution reuse, and other approaches. Application examples are given to

illustrate each approach.



INTRODUCTION

The current costs of waste disposal and treatment, requlatory pressure, and concerns
about legal liabilities have been forcing UJ.S. industries to scrutinize their hazardous
waste generation practices Y, A primary objective of these efforts has been to

minimize waste generation, i.e. to reduce the quantity and toxicity of the waste.

Of the many industrial waste-generating operations, process equipment cleaning (PEC)
is nearly universal in its application, as it is practiced in all segments of manu-
facturing industry. PEC is of particular importance for discrete processes such as
batch reactions, compounding, surface coating operations, etc. This is because the
cleaning frequency for diécfete processes is generally much higher than for continuous
processes. However, this does not mean that cleanup wastes from continuous
processes can be ignored. Disposal of sludges from cleaning of heat exchanger fouling
deposits, for example, is often of concern to the operators of petroleum refining,

petrochemical and chemical process facilities.

The intent of this paper is to review basic waste minimization strategies applicable to
cleaning operations. The intent is to provide a structured classification of such
strategies presented in the form of a prototype checklist which can be used to help

focus and plan a concerted attack on waste.
WHY EQUIPMENT IS CLEANED

Equipment cleaning is a maintenance function typically performed for the following

reasons:

- to restore or maintain the operating efficiency of equipment, e.g., to
restore adequate heat transfer rate and low pressure drop in heat
exchangers.

- to avoid or limit product contamination, e.g., when a paint mix tank needs
to be cleaned between batches of varying paint formulations.

- to minimize corrosion and extend equipment lifetime.

- to allow for inspection and repair of equipment.

- to improve appearance (exterior surfaces only).

P




The need for cleaning is a direct consequence of deposits formed on the surfaces
exposed to the process environment. Some of the major routes and origins of deposit
formation are summarized in Table 1 along with descriptions and some examples.
Understanding how and why the deposits are formed is a critical first step in any
waste minimization effort. It is an especially important aspect for equipment and
process designers, because the need for equipment cleaning can often be reduced or

eliminated through design modifications at minimal expense during the design stage.

A commaon sense approach to minimizing waste from equipment cleaning operations is

to pose and answer the following sequence of questions:

- why is the deposit present?

- how can cleaning be curtailed or avoided (i.e., cleaning frequency
reduced)?

- when cleaning is necessary, which cleaning method and medium will

generate the least amount of least toxic waste?
Sections below address major aspects related to the last two questions.

REDUCTION OF CLEANING FREQUENCY

Generally, the need for cleaning can be reduced or avoided altogether by the

application of the following measures:

- inhibition of fouling or deposit formation rate.

- maximizing dedication of praocess equipment to a single formulation or
function.

- proper production campaign scheduling.

- avoidance of unnecessary cleaning.

Inhibition of fouling is of particular importance in heat transfer applications where it
can be accomplished through a variety of means, including use of smooth heat transfer
surfaces, lower film temperatures, increased turbulence, control of fouling precursors

and proper choice of exchanger type.



TABLE 1. TYPICAL ROUTES AND ORIGINS OF DEPOSIT
FORMATION IN PROCESS EQUIPMENT

Route/Crigin

Description

Crystallization

Sedimentation

Chemical reactions and polymerization

High temperature coking

Corrosion

Bacterial growth (biofouling)

Clingage
(of importance to salvent
cleaning applications)

Major problem in evaporators and
crystalizers (e.g. very frequent in
food processing).

Major problem in petroleum refinery
crude unit desalters and oil storage
tanks. Also present in cooling tower
basins.

Buildup on the internal reactor sur-
faces are often encountered (e.g. allyl
chloride synthesis). Also of importance
in crude oil storage tanks.

Carbonacecus material depositing on
walls of furance tubes (e.g. furnace
for ethylene chioride pyrolysis).

Common problem in heat exchangers in
chemicals and allied products industry.

Major prablem on cooling-water-side
of heat exchangers in electric power
production.

Residual coat of process liquid left
after drainage; major problem in
reactors and mixers in the paint
manufacturing industry and generally
in all high-viscosity liquid transfer
operations.




The use of smooth heat exchanger surfaces results in lowering the adhesion of the
deposit or its precursor to the surface. Application of electropolished stainless steel
tubes in a forced circulation evaporator used in black liquor service in a paper mill
resulted in a dramatic reduction of cleaning frequency from once a week to once a
year 2/, Smooth non-stick surfaces can also be provided by Teflon (a registered
trademark of E.Il. Dupont de Nemours & Co.). Teflon heat exchanger designs are
commercially available, as are designs utilizing Teflon coated steel. In a separate
application, condensers using Teflon-coated tubes have been shown to drastically
reduce fouling and resist corrosion while maintaining high thermal efficiency. The
higher cost of material was weighed against reduced energy cost to show a 69 percent
return on investment in the first year before tax 21/, If reduced cleaning costs were

to be added, the ROI would have been higher.

The rate of heat exchanger fouling in a given service is dependent upon fluid velocity
and, quite often, on film temperature. Film temperature controls the speed of
chemical reactions which result in deposit-forming compounds while fluid velocity

controls the shear rate at the fluid-deposit interface.

Hence, lowering the temperature of the heating medium and increasing the fluid
velocity (e.g. by recirculation) can produce a desired reduction of the fouling rate. An
economic trade-off analysis between the increase in pumping cost and the decrease in
the cost of cleaning and other possible savings appears warranted in investigations
relating the degree of ‘oversizing to cleaning waste generation. A general review of

thermal and hydrodynamic aspects of heat exchanger fouling was provided by
Knudsen 3/.

Control of deposit precursors is -often an obvious practical consideration. Proper
maintenance of cooling water quality in open circulating systems is of paramount
importance to water-side heat exchanger fouling. Control of hardness, pH, corrosivity
and biofouling tendency is accomplished through careful monitoring of water
quality 20/, 1n particular, biocides added in treatment must propagate the entire
cooling fluid path in order to be deposited and function at all locations in the
exchanger; and acid feed equipment to maintain the pH in the non-scaling range of

6 to 7 must be reliable or else rapid scaling or corrosion problems occur 3.

The choice of heat exchanger type can influence cleaning frequency. For example,

spiral plate exchangers are often specified over other designs in fermentation plants,



owing to the ease of solid resuspension, absence of pockets, and non-plugging
characteristics. Rod baffle design provides more effective shell-side turbulence at
lower pressure drop compared to a more conventional segmented baffle design.
Therefore, the rod baffle design can be expected to exhibit superior shell-side fouling

characteristics.

Slowing down the rate of deposit formation is not limited to heat exchangers, but also
is important for other types of equipment. For example, crude oil's exposure to
atmospheric oxygen can cause formation of gums and resins during long exposure
periods inside storage tanks. The use of floating roof tanks ar inert gas blanketing has
been suggested. as a way to reduce tank deposit buildup 4/, Similarly, in paint
manufacturing, exposure to air causes formation of solid films that adhere strongly to
the internal surface of the mixers. This can be avoided by using closed storage and
transfer systems, as evidenced by experience at Ford Motor Company. At Ford, the
paint storage and transfer system was enclosed and redesignéd for full recirculation
resulting in less frequent and easier cleanups and an improvement of paint quality 3/,
Other applications of fouling inhibition include coating of reactor internals with
special chemicals to prevent scale formation. These practices have been used in the

suspension polymerization process for polyvinyl chloride él.

Maximizing dedication of process equipment to a single process function or

formulation will reduce cleaning frequency, as the frequency of switching to different
formulations will diminish. Maximum dedication means either converting from a batch

to a continuous process or using the equipment intermittently just for one formulation.

Historically, the changeover from batch or cyclic to continuous operations has been
common in the chemical industry, owing to increased product demand, increased labor
costs and technological progress. The advantages of the continuous process over batch
include the ease of automation and control (which minimizes human error leading to

inferior product quality) and lower labor requirements.

The choice between the continuous or batch mode is governed primarily by production
volume and related trade-offs between capital and operating costs. The batch process
is advantageous in situations where production volumes are small and product diversity

large. Batch processes have proven advantageous even for certain large volume




products, such as, neaoprene rubber and phenolic resins, where continuous alternatives

were developed but failed to find wide application 7,8/

Dedicating a piece of equipment to a single formulation in the batch process means
that the equipment remains dormant between individual production campaigns.
Cleaning after each campaign can be avoided provided that materials left in the
equipment do not deteriorate with time or corrade the internals. Also, the cost
penalties associated with equipment under-utilization must be outweighed by cleaning

costs incurred when the equipment is used with more than one formulation.

Proper production scheduling is a commonly invoked method to decrease cleaning

frequency. Equipment utilization strategies and the resulting production schedules
should be derived through optimization analysis, where the objective is to meet the
desired production goals with due consideration of such constraints as available
equipmer:t, cost of turnaround, labor availability, storage, etc. Meeting production
goals is to be accomplished with minimum cost, which includes minimization of
cleaning frequency. A general review of optimum strategy formulation was given by

Peters and Timmerhaus _9_/.

However, in a typical situation a formal optimization analysis is not used often.
Rather, a common-sense approach to production scheduling is used based on trial-and-
error preparation of production bar-charts. To reduce cleaning waste, it is generally
desirable to schedule long campaign runs, as opposed to short and more frequent runs.
Production schedulers now must be aware of the current waste disposal costs, an

aspect that previously could have been ignored.

Avoidance of unnecessary cleaning should be one of the goals of waste minimization

audits. At times, equipment cleaning is performed routinely with little or no
consideration of the rationale for the cleaning activity. An actual case is known
where a ball mill was used periodically to wet-grind a certain powder. The ball mill
with corrosion-proof internals was totally dedicated to the same formulation, a stable
mixture of inorganic powders. Yet, the ball mill was cleaned after each use for no
apparent reason. Upon questioning, the only justification provided was that the other

non-dedicated ball mills at the facility were cleaned after every use.



REDUCTION OF QUANTITY AND TOXICITY OF CLEANUP WASTE

When cleaning has to be performed, it should be performed effectively with minimal
generation of waste. Typical considerations include the choice of cleaning medium,
cleaning technique and waste disposal option. A brief overview of these choices (with

the exception of waste disposal), is provided in the following paragraphs.

A distinction can be made between chemical and mechanical cleaning. Chemical
cleaning requires the use of substances such as those shown in Table 2 which are
employed to chemically attack the deposits and render them either solvent or water-
soluble. The basic reaction types include oxidation, reduction, chelation or conversion
of insoluble oxides into soluble salts. Cleaning formulations also include surfactants to
lower surface tension of solution to allow for faster penetration and breakup of

deposits.

Physical or mechanical cleaninq relies on breaking the adhesion of the deposit ta a

surface using mechanical devices, such as scrapers, squeegees, rags, drag lines, "pigs",
lances or through the use of high velocity water jets (hydroblasting). Often
mechanical and chemical cleaning are combined, e.g., when high velocity jets are

employed with caustic solutions to attack deposits in paint mix tanks.

According to a classification developed by Loucks E/, six separate cieaning

techniques are distinguished:

- fill-and-empty technique

- circulation technique

- "flow over" technique

- gas propel technique

- px-'ocess simulation technique

- onstream cleaning technique

In the "fill-and-empty" technique, a process vessel is isolated from other equipment
and filled with an appropriate cleaning solution. The solution can be heated and
agitated and, after a period of 4 to B hours it is drained. Rinse-water or diluted alkali
or acid solutions are then used to remove residual cleaning chemical. Drained

chemicals and subsequent rinses are either reused, treated, recycled or land-filled
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depending on their composition and the availability of disposal options at the
particular site. The method uses large quantities of chemicals and requires substantial

downtime. It is typically applicable to small vessels, tanks or heat exchangers.

In the "circulation" technique, the vessel is filled with cleaning solution to an overflow
and allowed to stand for a short time period, after which the solution is circulated
with an auxiliary pump. Fresh make-up solution can be pumped in if used solution is
withdrawn. In boilers, nitrogen gas is used to provide agitation for more effective

scale removal.

The "flow over" technique consists of spraying the solution onto the surface. It is
applicable to large tanks where cleaning by filling or recirculation would require
excessive quantities of cleaning solution. Extra safety precautions are usually

necessary.

The "gas propel" technique utilizes cleaning agents that are not overly corrosive at
higher temperatures when steam is used to propel them through the system. This
technique is useful for pipelines, where inhibited organic acids or chelants are
entrained into a flow of steam which carries the liquid drops and solids debris through

hydraulic obstacles of the system.

The "process simulation" technique is applied to equipment that is easily fouled and
where spare parallel units are pr_civided. Fouled equipment is cleaned by simulated
process operation, where the equipment is isolated, drained of process fluid and filled
with the cleaning solution using process pumps and controls to maintain flow and
temperature. An example is removal of iron oxide and copper deposits from high

pressure steam generators using ammoniated EDTA solution.

The "onstream cleaning" technique is probably the most preferable method, as it relies
on process fluid to do the cleaning during normal operation. Often auxiliary
mechanical devices are used along with additives, such as EDTA or acids to promote
deposit removal. This technique is used for cleaning reactor jackets, gas compression
station engines, heat exchangers, and other equipment. In-service cleaning of large
circulating cooling water systems is often done through intermittent pH swing to the
acid side of neutral and back again. Among many mechanical devices used in

conjunction with onstream cleaning, one could mention ram valves for rodding out




pluggefl nozzles and moveable heat exchanger tube inserts propelled by reversing
process fluid 11/, 1na separate example, the use of fluidized beds of inert solids (e.q.,
sand) was found useful in heat transfer applications characterized by extreme fouling,
such as heat recovery from geothermal brines. Solid particles constantly abrade the

deposit away from the heat transfer surface, maintaining high transfer rates.

The choice of cleaning method and media, apart from cost, should alsa be based on the

following environmental considerations:

- minimize the amount of cleaning solution used;
- choose the medium ultimately resulting in the least toxic waste;

| - determine ahead of time how the cleaning waste is going to be disposed of.

| The use of chemical cleaning (e.g., with mineral or organic acids) results in
§ appreciable quantities of hazardous cleaning wastes which need to be treated prior to
disposal. As appropriate treatment facilities are not available onsite in every case,
mechanical cleaning and onstream cleaning appear preferable to chemical cleaning.
According to information obtained from various cleaning contractors, these factors
are gaining recognition as the recent trend has been more toward hydroblasting and
onstream cleaning and away from chemical cleaning. This was attributed to the rising

| costs of waste disposal and treatment.

When chemical cleaning is unavoidable, the least toxic medium should be chosen; for
example, an alkaline cleaner would be preferable over a halogenated solvent. How-
ever, if the toxicity of the "soil" to be removed is the controlling factor, the cleaning

agent with a higher potential for recovery and reuse should be used.

An attractive alternative to those cleaning methods that require disassembly of
equipment for cleaning, is a clean-in-place (CIP) system. The system is composed of
tanks, heat exchangers, filters, pumps, piping and instrumentation permanently
installed as an auxiliary system designed to circulate a controlied inventory of
cleaning solution through isolated process equipment often using spray manifolds or
liquid jet nozzles inside production vessels. The CIP systems generally reduce the
usage of cleaning medium. They are especially effective when coupled with high
velocity automated jet manifolds and staged counter-current rinsing; an 80 to 90

percent reduction in aqueous waste was achieved by paint manufacturers after

_;__. .



installing hAi.gh pressure spray nozzles for tank rinsing 12/, cip systems are popular in

food, pharmaceutical and paint industries; however they are utilized less frequently in

the chemical processing industry 13/,

Reuse of cleaning solutions is common in CIP systems. In general, reuse of cleaning
solutions is highly desirable, especially if they can be utilized as part of formulation.
For example, a considerable reduction in reactor cleanup waste was achieved by
Borden Chemical where a two-step rinse sequence was applied to a batch kettle
arrangement used for phenolic resin synthesis. The first rinse used a small amount of
water generating a concentrated stream which could be recycled to the process. The
second full volume rinse generated wastewater with a much lower content of toxic
material than a previously used single rinse method 14/, Other examples include reuse
of rinsewater from latex tank cleaning as part of latex formulation in the paint
industity 15/ and use of warm oil for flushing the deposits out from crude oil storage

tanks in an oil refinery, followed by solids separation in the slop oil system 16/,

The preceding sections were concerned with reduction of cleaning frequency and with
the choice of the least waste-intensive cleaning methodology. There is a related, but
independent aspect of cleaning waste reduction, i.e., reduction of clingage. As
explained previously, clingage is the amount of process material left inside the vessel
or other equipment after draining. In operations involving viscous fluids, such as paint
manufacturing and resin compounding, clingage is an important consideration as it not
only results in waste which is expensive to dispose of, but also represents a direct loss

of product or raw material.
To reduce clingage, the following measures should be considered:

- provision of adequate drainage time;

- use of low-adherence surfaces, e.q., fluorocarbon or electropolished steel;

- use of mechanical wall wipers (dual shaft mixers);

- use of manual wipers or squeegees;

- choice of square cylindrical or spherical geometry to minimize wetted
surface;

- rotation of agitator after batch dumping to reduce clingage on the blade.




All of the above measures are self-explanatory and do not require elaboration. Most
are practiced extensively throughout industry. The use of tank linings as a means of
reducing adherence and preventing corrosion has been addressed by Zolin 17/ and
Kays 18/, The use of dual shaft mixers with slow scraper blades wiping the walls and
the bottom of mixing tanks is common in applications involving viscous liquids 19/,

COST OF CLEANING

The cost of cleaning can be viewed as being composed of the following elements:

Direct Costs

- equipment assembly/disassembly
- cleaning chemicals and supplies
- waste treatment and disposal

- cleaning labor and supervision

- cleaning equipment d-epreciation

- utility costs

Indirect Costs

- planning and scheduling

- cost of lost production

- cost of lost raw materials inventory
- Iinspection and testing

- process equipment deterioration

Often equipment cleaning is performed by outside contractors with specialized
equipment who assume the responsibility for hauling away the waste and for disposing

of it properly.

Costs of cleaning vary widely depending upon the medium, method and application.
Recent inquiries into the cost of cleaning of heat exchangers established the following

compilation of relative heat exchanger cleaning costs using contracted service:



- Method Relative Cost

Hydroblasting 1.0
Rodding 4to5
Chemical Cleaning:
Without waste disposal 0.3t03
With waste disposal 2.1to 4

In many cases the cost of cleaning (taken as direct caost only) is lumped together with
other maintenance costs. As a result, plant management may not have good visibility
of the actual costs of cleaning, which may impede management's support for waste
minimization efforts. Often, when plant management learns of the true cost

dimension, action to lower cleaning costs is quickly initiated.
SUMMARY

As mentioned in the introduction, the intent of this paper is to provide a brief review
of techniques, approaches and strategies for minimizing equipment cleaning waste and
to provide a classification scheme that may serve as an initial guide to those
interested in waste minimization. Such a classification or summary is provided in
Table 3. This serves as a prototype checklist for addressing all waste minimization

issues in a logical sequence.

The subject of equipment cleaning is quite diverse as the function is performed in
virtually every industry. Generalizations presented in this paper must be translated

into site-specific and exacting requirements in any waste minimization effort.
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TABLE 3. WASTE MINIMIZATION OF EQUIPMENT
CLEANING WASTE - SUMMARY OF APPROACHES

WHY IS DEPOSIT PRESENT?

REDUCE CLEANING FREQUENCY

1. Inhibition of fouling rate
- smooth heat transfer surfaces

- lower film temperature/higher turbulence

control of fouling precursors

choice of heat exchanger type

2. Maximize process equipment dedication
- conversion from batch to continuous operation
- dedication to single compaosition

3. Proper production scheduling

4. Avoidance of unnecessary cleaning

]

REDUCE QUANTITY AND TOXICITY OF WASTE

1. Minimize amount of cleaning solution
- high pressure nozzles
- flow-over technique
- on-gtream cleaning
- use of CIP systems with staged or counter-current

rinsing

reuse of cleaning solution
2. Minimize toxicity of spent cleaning solutions
- clingage reduction

- mechanical (hydroblasting) over chemical cleaning
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KNOW YOUR CLEANING ALTERNATIVES

Note: The following glossary of cleaning alternatives is provided for reference and
definitive purposes only and is not intended as a promotion of any specific chemistry,
product or technology.

ALCOHOL BASED CLEANING (AL)

These alternatives have found use in the electronics industry as CFC alternatives and
areas requiring high degrees of cleanliness. Limitations to use are explosive risks, toxicity and
emissions concerns. Benefits are quick parts drying time and low residuals.

Examples of alcohols used include: ethanol, methanol, isopropanol, and glycol.

AQUEOUS BASED CHEMISTRIES (AQ)

A k.a. Water Based Chemistries, these fall largely into the alkaline, and acid families with
other groupings containing surfactants, emulsifiers and detergents. Changing over to a water
based cleaning operation will of course result in some increase in water discharge. Many
technolegies exist to separate the water from the spent cleaners for reuse in make-up of new
chemical baths. Drying time of parts may increase and therefore problematic for work that tends
to rust quickly.

HYDROCARBON BLENDS(HB)

Hydrocarbon blends seek to fill the market of drop-in alternatives to chlorinated solvents
and CFCs. Many offer a quick changeover using existing tanks and equipment. Caution should
be exercised is choosing a blend to make sure the components are not scheduled to be phased out
or banned. Many blends have excellent cleaning abilities with some reduced risk to workers.
The SARA Title III list should be consulted to determine if the chemical is regulated.

NON-AQUEOUS CHEMISTRIES (NA)

This category distinguishes these alternatives from their water based counterparts, though
many of these alternatives have water as a component. They often clean more aggressively than
their water based counterparts. The toxicity of some of these alternatives has not been
completely determined. Some are listed under the SARA Title III reporting.

NON-LIQUID ALTERNATIVES (NL)

This category covers all types of solid stripping media such as CO2 pellets, plastic blast
media, sponge pellets, and dry ice flakes, Also included are super critical fluids alternatives.
The blast media are excellent for cleaning large parts and simple geometries. Delicate
instruments and blind holes are not well suited to these applications. Super critical CO2 has been
used successfully on small to medium sized applications. Capital costs for installing the pumps
and high pressure vessels has prohibited it's wide-spread usage.

TERPENE / SEMI AQUEOUS CHEMISTRIES (TP)

Terpenes have found a wide variety of uses in the electronics industry and cleaning parts
with complex geometries. They are often coupled with ultrasonic or similar agitation devices.
The long term toxicity of terpenes and other pine and citrus derivatives remains a matter of

Anonymous. /994. Know Your Cleaning Alternatives. The Catalyst 1(2):4-5. Reproduced with permission from the New Jersey Technical
Assistance Program, Newark, New Jersey.



study. Early varieties tended to have low flash points; a problem that has been well addressed by
today's chemical vendors.
Examples of terpene include d-limonene, a terpineol derivative extracted from citrus

Sruit.

CIRCUIT BOARD CLEANING SYSTEMS (BC)
This category is important to high tech industries. Vendors sell these chemistries as low
solid fluxes and no-clean fluxes.

CUSTOM DESIGNED SYSTEMS (DS)

These are large conveyorized or monorail cleaning systems. The entire system can be
tailored to the facilities work centers and parts flow. Because of the substantial cost, a thorough
survey of cleaning practices that establishes that there is a need to clean is urged. Process and
chemical modifications may reduce or eliminate the need for cleaning, thereby saving capital.

IMMERSION TANKS (IT)
Immersion tanks come in a wide range of sizes and are often coupled with agitation or
ultrasonics, which reduces the need for a highly aggressive solvent that might damage the work.

ROTARY PARTS WASHERS (RW)

These systems are designed to function similar to large washing machines and dish
washers. Most are of the cabinet variety with a turntable in the center to spin the parts as
cleaning jets direct the solvent onto the parts or baskets of parts. Rotary washers can also help
dry parts by spinning the liquid off or blowing it off with compressed air.

SPRAY WASH SYSTEMS (SW)

Very similar to Rotary Washers, these may even contain a rotating basket within an
immersion tank. Spray wash systems work by agitating parts and forcing solvents into blind
holes and difficult geometries. They may not be useful for delicate instrumentation or sealed
components where sprays might damage the parts.

ULTRASONICS (US)

Ultrasonic cleaning systems work through generating high frequency vibrations which
cause the detergents to actively collide with the parts and soils. This impaction lifts the dirt and
carries it away from the parts. Ultrasonic systems work well in most applications with two
exceptions; part orientation with respect to the ultrasonic generating unit may cause shadowing,
or zones of less aggressive cleaning; and electricity cost will be increased proportional to use.
Therefore, large scale application may result in a significant increase in power demand.
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IDENTIFY THE NEEDS OF YOUR
CLEANING SYSTEM

Switching cleaners is not as easy as it may
sound. There are many variables that affect
cleaning. Before evaluating alternative
cleaners, assess the cleaning process needs. A
check list of factors that affect the selection of
a cleaner and its method of application
follows.

What Types of Soil are to be
Removed?

The first step in assessing cleaning needs is to
identify the soils that need removal. The
composition of soils to be removed is an
important variable in cleaner formulation. If
the manufacturing process and storage and
handling conditions of the part are known, the
type of soil that the part has been exposed to
can be predicted. For example, if the parts
have gone through machining operations, oils
and greases used for lubrication, cutting,
quenching and rust prevention must be
removed. Consider the removal of solder flux
residues when cleaning electronic
components. Parts exiting metal polishing and
buffing operations are contaminated with
waxes and abrasives.

As can be seen in Table 1, there are a variety
of soils. Physical properties of soil include its
state (liquid or solid), viscosity, polarity and

IR FACT SHEET R ——

melting point. Solid particles (metal chips,
abrasive grains, pigments, carbon smut and
shop dirt) are usually held on the part by oils
and greases or static electricity. Because of
the large surface area of the tiny particles, they
hold on to the part with great tenacity. Liquid
soils, such as lubricants and oils, which are
left on parts for a long time or heated, can
polymerize to form tough hard films. Also,
soils with high viscosity and melting points
are generally more difficult to remove.

The polarity of soils will affect the type of
cleaner selected. Polar or ionic soils are
positively or negatively charged particles due
to the loss or gain of electrons. Most inorganic
soils (substances that are not compounds of
carbon) are polar, whereas most organic soils
(substances that are compounds of carbon) are
non-polar. Water is a polar substance. Most
hydrocarbon liquids, with the exception of
alcohols, are non-polar. The importance of
polarity of both the soil and the cleaner will be
addressed later, in the discussion of the
cleaning mechanism of solvency.

Substrate

Zinc and aluminum alloys, because of their
sensitivity to alkaline cleaners--which are
corrosive--will require different cleaners than
ferrous alloys. Aqueous cleaners for
nonferrous alloys will be formulated with

TABLE 1

emi-solid soils:
soaps, abrasives and

SOIL TYPE i OPERATIONS

2
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inhibitors that prevent the alkalies from
attacking the sensitive metals. The inhibitors
deposit a thin protective layer on the metals
as soon as the contaminants are removed.
The majority of aqueous and semi-aqueous
cleaners are compatible with most metals and
plastics.

Part Size and Configuration

Part configuration, size, weight, porosity, and
quantity will not influence cleaner chemistry,
but will determine the method of cleaning
and parts handling. Parts with rough
surfaces, overlapping joints, blind holes and
tubing must be positioned to avoid corrosion
from the carry out of cleaner. Very large
castings may affect temperature of the
cleaning bath and more heat must be added to
the cleaning bath to maintain cleaning
efficiencies.

What is the Acceptable Level of
Cleanliness?

The level of cleanliness is dependent upon
performance requirements of the part. Parts
going on to a painting or electroplating
process will have to be “cleaner” than if the
parts were headed to a machining operation.
Many standard tests can be used to determine
if the acceptable level of cleanliness is being
met. They range from visual inspection to
elaborate laboratory testing. A simple and
reliable procedure is the water-break test. A
surface is considered clean if it can hold a
complete film of water on the surface of the
work after a 30 second drainage period. If a
water-break appears, the surface is not clean.

Other Considerations

Source Reduction: One way of reducing
costs and increasing the potential of making a
successful conversion to a new cleaning
system is to reduce the amount of
contamination on the parts. Once the source
of the contaminants is identified,
modifications can be made that will reduce or

eliminate the need for cleaning. If the soils are:

sreceived inraw materials, talk to suppliersabout what
they can do to reduce the contamination;

*produced in general machining operations, minimize
the number of different coolants and/or lubricants
used;

sproduced in subassembly, find ways to reduce
handling; or

sproduced during storage, reduce moisture.

Potential Impacts: In order to successfully
make the switch to your new cleaning system
and reduce the impact to other operations,
consider the following questions:

What are the waste streams that will be
created by the new system and how are
they to be managed?

What new operating skills or
equipment maintenance will be
needed? Process controls for aqueous
and semi-aqueous cleaning systems
are greater than those needed for
solvent cleaning systems.

How will the modification affect
product quality and operating rates?

What are the capital and operating
costs? Energy requirements for
aqueous cleaning systems are greater
than solvent vapor degreasing.

And finally, have any substitutions
been attempted in the past? What
worked? What did not work and why?

EVALUATION OF AQUEOUS AND SEMI-
AQUEOUS CLEANERS

Cleaning Step

Unlike solvent cleaning, which occurs in one
step, aqueous and semi-aqueous cleaning
invclves three steps: cleaning, rinsing and
drying. The cleaning phase in aqueous and
semi-aqueous systems differ; however, the
rinsing and drying steps for aqueous and semi-
aqueous cleaning systerns are nearly identical.

eeesssssssessssssesnsmnems SMALL BUSINESS CLEAN AIR ASSISTANCE esmessm——m—
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Cleaning Mechanisms

A discussion of aqueous and semi-
aqueous cleaning should not
proceed without some
understanding of the following four
basic cleaning mechanisms:

Mechanical action - This is the
lifting of contaminants by physical
agitation, i.e., wiping, brushing,
spraying or abrading.

Chemical reaction - There are two
basic chemical reactions that can
occur in aqueous cleaning:
saponification and sequestration.
Saponification occurs when the
alkalinity of the aqueous cleaner
“splits up” fatty acids, a
contaminant, to form water soluble
soaps that cati be easily removed.
Sequestering agents
(polyphosphate salts of sodium) or
chelating agents (ethylenediamine
tetracetic acid) are added to cleaner
formulations to “tie-up” or
sequester the calcium and
magnesium ions in hard water so
that they do not interfere with
cleaning. The hard water ions are
formed into ringed structures that
are water soluble and chemically
inactive. If not sequestered, the
ions will react with soap to form
scum.

Solvency - Soils (or solutes) will
dissolve in a solvent forming a
uniformly dispersed mixture or
solution. Water, being a polar
substance, is the solvent for many
polar (or ionic) soils.
Hydrocarbons, being non-polar, are
the solvents for non-polar or
organic soils. Solubility is the term
commonly used to describe the
ability of solids to dissolve in

—esesseesssesseessmemnns  SMALL BUSINESS CLEAN AIR ASSISTANCE smessse————m—m——

SURFACTANTS

Surfactants, also known as surface-active agents, are composed of
molecules that have two dissimilar parts resembling a tadpole. The tail
end is made up of a chain of carbon atoms and is soluble in oil or, in
other words, aftracted to dirt, oil and grease. The head is ionic and is
attracted to water. The nonpolar hydrocarbon end stays in the oil and
the polar, ionic end is in the water. Because of this antagonistic action,
surfactants like to concentrate at surfaces or interfaces.

As the number of carbon atoms included in the chains increase, the
surfactant molecules’ oil attractive properties increase and their water
aftractive properties diminish. Surfactants with relatively high oil-
atractive properties are called emulsifiers. Emulsifiers coat oil and
grease, which forms an emulsion. The emulsifiers suspend the organic
soils and grease and other water immiscible soils in solution and prevent
redeposition. Surfactants with relatively low oil-attractive properties are
called wetting agents. Wetting agents increase the penetration of the
cleaner on the surface or soil by reducing surface tension. Detergents
possess oil-aftractive properties between those of wetting agents and
emulsifiers. Detergents lift soil from the surface of the part by replacing
it with a surfactant, which has a greater affinity for the soil.

Detergents or synthetic surfactants are made from alcohols or petroleum
derived fractions. Soap is an organic surfactant formed by the reaction
of fatty acids (derived from natural fats, such as tallow, fish oif and
vegetable oils) and caustic soda.

GREASY OIL
OR DIRT

WATER

uowcun.zs\‘
e

IONIC

ENDT P

Q HYDROCARBON
TAIL

Illustration of an emulsified drop of oil in water with detergent as the
emulsifier. The nonpolar hydrocarbon tail of the detergent molecule
is in the oil, and the ionic end is in the water.
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liquids and miscibility is the ability of a liquid
to dissolve in another liquid.

Detergency - This is the lifting of soil from a
surface by displacing it with surfactants that
have a greater affinity for the soil than the
surface. The surfactants also provide for the
dispersion of the contaminates, which is
necessary to prevent recontamination.

Aqueous Cleaners
*How Do They Work?

Aqueous cleaners are categorized by pH level.
Cleaners with a low pH (2 to 6) are acidic and
those with a pH of 6 to 8.5 are considered
neutral. Cleaners that have a high pH (8.5 to
13) are considered basic or alkaline. Acidic
cleaners contain excess hydrogen ions (H+)
and alkaline cleaners contain excess hydroxide
ions (OH-). Acid cleaners are primarily used in
removing oxidation scale and rust. Acid
cleaners contain mineral acids (nitric,
phosphoric, sulfuric, and hydrofluoric);
chromic acid or organic acids (acetic and
oxalic); plus chelating agents, detergents and
small amounts of water-miscible agents.

Aqueous cleaners, because they are water
based, are most effective on polar, inorganic
based soils; however, a variety of additives
enhance the cleaners to provide for the removal
of organic soils as well. In aqueous cleaning, a
combination of the cleaning mechanisms are
employed: mechanical action, chemical action
and detergency.

Because their performance can be affected by
concentration, temperature and formulation,
aqueous cleaners can be used in a variety of
applications. Alkaline cleaners are formulated
to be either broad spectrum or precisely
applicable. Broad spectrum cleaners remove a
variety of soils while precisely applicable
cleaners are highly effective for a specific soil
and not effective for many other soils.

sComposition

Aqueous cleaners contain several chemical
components each having a distinct function
and effect on the way soil is removed.

Alkaline Salts - Alkaline salts or alkalinity
builders are the major components in alkaline
cleaners. They act as buffers that neutralize
acidic soils without excess loss of alkalinity
and maintain the chemical environment in
which other components of the cleaner operate.

Alkaline salts can be categorized by the way
they condition or soften water. The two groups
of alkaline salts are precipitating and
sequestering. Precipitating salts will combine
with hard water minerals making them
insoluble. Sequestering salts will tie up
minerals and soils and hold them in
suspension, making them soluble. Examples
of some common cleaners are found in Table 2.

TABLE 2

TYPICAL ALKALINE CLEANERS

Footnote: Scislowski, Stan "Cleaning Basics: Alkaline Cleaners” Metal Finishing.
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Sequestéring type alkaline cleaners are more
effective in preventing the buildup of hard
water scale on tanks and pumps. They are
effective in “peptizing” or holding soils in
suspension, which prevents them from
redepositing on the part. Phosphates are the
best overall builders, however, their discharge
1s subject to regulation.

Precipitating alkaline cleaners have higher
alkalinity and, therefore, higher pH. Silicates
are used in cleaning non-ferrous metals such
as zinc, brass and aluminum because they
inhibit the corrosive action of the alkalinity.
One disadvantage in using the precipitating
type cleaners is their poor rinsibility. Hard
water minerals that precipitate out cling to the
sides and bottom of the tank. This contributes
to the redeposition of soil onto the part.

Surfactants - Surfactants can penetrate,
displace and/or emulsify soil. (See Page 4).
They are classified as anionic, cationic or non-
ionic. Anionic and cationic surfactants are
used in immersion cleaning. A non-ionic
surfactant should be used if aqueous spray
cleaning or agitation is used in order to
minimize foaming. Some of the commonly
used anionic surfactants are alkyl benzene
sulfonates and naphthalene sulfonates. Most
surfactants are biodegradable. Soaps (organic
surfactants) are destroyed in acid and perform
better in alkaline conditions. The optimum
alkalinity for soaps is 10.5.

Saponifiers - Saponifiers are alkaline cleaners
that react chemically with insoluble animal
fats and vegetable oils to form water soluble
soaps. Saponified soils float to the top of the
tank and are removed by skimming. Many
buffing compounds contain insoluble fats and
fatty acids.

Rustproofing Inhibitors - Compounds such as

urea type inhibitors are added to the cleaners
or used in the final rinse water to protect the
part from rusting.

6
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*Methods of Application

The cleaning phase in an aqueous cleaning
system occurs in one step. The contaminants
are removed from the parts in the tank
containing the cleaner. The parts leaving the
cleaning tank are coated with a water/detergent
film containing minor amounts of contaminants.
Cleaning cycle times for aqueous cleaning in
industrial applications range from 2 to 30
minutes.

The method of cleaning is dependent on
production rates, available space, and size and
shape of part. The basic cleaning methods are
immersion (dipping or soaking) with or without
agitation, spraying or by a combination of
immersion and spraying. The different types of
cleaning machines are found in Table 3.

Immersion - Immersion of parts into a cleaning
tank is simple, efficient and is the most widely
practiced aqueous cleaning method. Tanks can
accommodate parts of unusual shape and are
not costly to set up.

Installations may vary from single unheated
tanks to multistage systems equipped with heat
and agitation. Aqueous cleaners need to be
heated, especially when removing inks, waxes
or solder pastes. The normal temperature of the
cleaner is in the range of 160°-200° F. The
speed of chemical reactions in cleaning doubles
with each 20° F rise in temperature. Heat is
provided by steam coils, plate coils, direct firing
burners or immersion electric heaters. Low
temperature cleaners, which operate at a
temperature range of 70° - 120° F, are a little
more expensive to purchase; however, they can
greatly reduce energy costs and still provide
good cleaning.

Workpieces and/or cleaning solution are
agitated to improve cleaning efficiency and
reduce cycle times, temperature requirements
and the formation of air pockets. Agitation for
immersion cleaning includes workpiece
movement, such as withdrawal and
reimmersion, pump agitation and ultrasonics.
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TABLE 3

TYPES OF CLEANING EQUIPMENT
MACHINE VOLUME OF PARTS TYPE OF PARTS

Flat bett Medium-High
Rotary drum Medium-High
‘Monorail Low-High
Tumtable Low

Cabinet 1 fow

. ﬁ Large sheets

Parts'that drain easily

Small intricate parts and
irregular shapes that trap fluids

Parts requiring special positioning for ‘
draining

Medium to farge sized parts
of any shape

Pumps should be used for solution agitation
rather than blowers or compressors. Providing
agitation through air pressure movement can
introduce contaminants into the cleaning bath
and can create excessive foaming. Ultrasonics
create cavitation (bubbles) at the cleaning
surface using high frequency vibrations. As
the bubbles form and collapse, they create a
scrubbing action that cleans the surfaces of the
part including blind holes and very small
cracks and crevices.

Quite often, existing equipment such as vapor
degreasers can be converted to the use of
aqueous cleaners. Under the direction of some
manufacturers of aqueous products, the
changes can be implemented quite easily and
economically.

Spray Cleaning - Spray cleaning involves the
impingement of cleaning solution upon the

workpiece to remove soil. It is typically used
for conveyorized part handling systems and
high production rates. Spray washers consist of
a pump to pressurize the solution, a reservoir
tank, connecting piping, spray nozzles and a
means for moving workpieces through the
nozzles and cleaning solution.

For small parts, cabinet or carousel machines
provide the simplest method of spray cleaning.
Inside the machines, a drum or worktable
rotates or reciprocates so that surfaces of all
the workpieces can be exposed to the spray.

Large flat parts are typically carried through
washer tunnels or monorail washers by
conveyor.

The spraying action provides a high level of
impact and agitation. Spray pattern, volume,
pressure and angle of spray can have an effect
on cleaning efficiency. The higher the spray
pressure, the greater the mechanical cleaning
action. Spray pressure can vary from 2 to 2000
psi. The design of the spray nozzle is critical
because it provides the high impact, flat spray
pattern and required flow rates. Increasing the
spraying pressure results in higher impact
velocities and flow rates with smaller drop
sizes.

While it is difficult to maintain the cleaner at a
high temperature because of heat loss during
recirculation and spraying, it is still desirable
to keep the cleaner in the temperature range of
130°-160° F. Cleaners used in spray washers
require non-ionic surfactants to prevent
foaming.

Spray cleaning has some advantages over
immersion in that it takes less time to clean

and a Jower concentration of cleaner is used.
The amount of cleaner can be as low as 10% of
that required for immersion cleaning. One
disadvantage, however, is that the capital costs
for spray cleaning is greater than for immersion
cleaning.

e SAMALL BUSINESS CLEAN AIR ASSISTANCE enmes—————
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sSafety

Aqueous cleaners are nonflammable. Because
of their alkalinity, aqueous cleaners have an
ability to extract oils out of skin. Workers
should wear rubber gloves, aprons and face
shields to prevent contact with skin. Handling
and safety requirements identified in the
cleaner’s Material Safety Data Sheet (MSDS)
should be followed without exception.

*Cost

Aqueous cleaners are available in
concentrated liquids and powders. Liquids
cost $6 to $10 per gallon when purchased in
drum quantities. In most applications, the
cleaner is diluted with water within the
following range; 1 part cleaner to 3 parts
water (1:3) to 1 part cleaner to 10 parts water
(1:10). In an effort to reduce waste disposal
costs, some manufacturers are packaging
liquid cleaners in recyclable 250 gallon
containers.

*Recovery and Disposal

Recovery - In parts cleaning systems, cleaning
power and contarnination level are inversely
proportional: By continually removing
contaminants from the cleaner, the cleaning
ability is maintained and thus the cleaner can
be recycled indefinitely.

Increasing the longevity of the cleaner starts
with selecting the proper cleaner formulation.
Purchase a cleaner that provides good
separation of the soils from the cleaner. New
oil-displacing cleaners, or cleaners that are
good detergents but poor emulsifiers, allow
the separation to occur. These cleaners will
allow oily soils and saponified soils to float to
the surface where they can be skimmed off.
The heavy soils settle to the bottom where
they can be filtered off and collected as a
sludge.

Cleaners containing emulsifiers can form one
of two types of emulsions: permanent or quick
breaking. Permanent emulsions keep the oil

in suspension indefinitely, and quick break
emulsions are temperature sensitive, which
allows rapid separation of the water and organic
contaminant.

In cleaners containing quick break emulsions,
oils are put into suspension at operating
temperatures of 140° F and above. Upon
cooling to 85°F, the oil will separate from the
water and cleaning component mixture, forming
two layers. The organic oil layer can be
disposed and the water/cleaning component
layer can be reused. Cleaners with quick break

i emulsifiers cost more but have a longer life.

In addition to choosing the right cleaner, there
are various processes that can remove
contaminants so that the cleaner and rinse
waters can be can be continuously recirculated.
Free oils, emulsified oils, and suspended soils

- and metals are the contaminants that should be

removed continuously or periodically from the
aqueous cleaner bath and rinse water.

A continuous small stream of cleaner can be
directed to a concentration or clarifier tank
located adjacent to the cleaning bath tank (see
Figure 1 on page 9). The concentration tank
provides for the separation of solids and liquids
by gravity and floatation. The free oils that
float to the top of the tank can be removed by
oil skimming devices or absorbent mats that
pick up petroleum based fluids but repel water
and product. The contaminants heavy enough to
settle out can be passed through a bag filter or
filter press and removed as a sludge.

Microfiltration membranes, which have a pore
size of greater than 0.2 microns, remove dirt
and contaminants (concentrate) from the cleaner
bath while allowing the cleaner and water
(permeate) to pass on through. The cleaner and
water are returned to the cleaning bath tank.
Ultrafiltration membranes, which have a pore
size between 0.001 and 0.1 microns, can also
remove contaminants from the rinse water.

In addition to membrane technology, cold
vaporization, ion exchange encapsulation and

eseesssessssssessesnnsnn - SMALL BUSINESS CLEAN AIR ASSISTANCE  wessssssese—m————
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chemical treatment systems can be used to
purify cleaners and rinses so that they can be
reused.

Disposal - When it comes to disposing a
cleaner bath, there are a few options:

edischarge to a holding tank from which the waste is
subsequently pumped and hauled by a licensed
haulerforappropriate disposalat anapproved facility;

edischarge to surface waters or groundwater if
permitted or exempted by the Michigan Department
of Natural Resources (MDNR) under the Michigan
Water Resources Commission Act (Act 245 of 1929);
or

edischarge to a Pubiicly-Owned Treatment Works
(POTW) with the approval of the POTW.

Approval for discharging to a POTW, surface
water or groundwater may be contingent upon
pretreating the waste to remove the oils and
grease and adjusting the pH and removing
organic matter and dissolved metals. Refer to
the “Environmental Regulatory

Considerations” section of this fact sheet for
more details.

Even though the cost of equipment to recover
and treat aqueous cleaners can be expensive,
the same equipment could be used on other
waste streams generated at your business such
as machining coolants and mop water.

Semi-Aqueous Cleaners
*How do They Work?

Semi-aqueous cleaners, also known as
emulsion cleaners, are nonchlorinated
hydrocarbons dispersed in water with or
without the aid of emulsifiers. They, therefore,
have the cleaning properties of solvency and
detergency.

Whereas the cleaning phase for aqueous
cleaners occurs in one step, the cleaning phase
for semi-aqueous cleaners generally occurs in
two steps. The soil and contaminants are
dissolved in the primary tank containing the
cleaner. In the secondary tank, the soil/cleaner
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mixture is rinsed off the part with water. Like
aqueous cleaning, the parts then proceed
through the rinsing and drying phases.

Due to their solvency properties, semi-
aqueous cleaners are effective in removing
heavy greases and waxes. They traditionally
have been used as an in-process cleaner,
removing the bulk of the soils so that further
manufacturing can be conducted without
difficulty.

*Composition

There are two basic components of semi-
aqueous cleaners, and they are categorized by
their ability to mix with water. Water
immiscible components include:

Terpenes - These are natural hydrocarbons
derived from plants. d-Limonene is extracted
from the rinds of lemons and oranges. Pinene
1s extracted from the bark of pine trees.

Esters - Aliphatic monobasic esters and
dibasic esters are used in semi-aqueous
cleaners.

Water miscible components of semi-aqueous
cleaners include:

Glycol ethers - There are two common kinds
of glycol ethers: e and p series. The p-series
are typically used in cleaning formulations
because they are safe for personal contact and
not regulated under Section 313 of the
Emergency Planning and Community Right-
to-Know Act.

Ketones - Commonly used ketones in cleaning
are acetone and methy! ethyl ketone.

Alcohols - Commonly used alcohols used in
cleaning are ethanol and isopropyl alcohol.

Amines - N-methyl-2-pyrrolidone (NMP) is
an amine that is used in paint strippers as a
replacement for methylene chloride.

Surfactants - See Page 4 for definition.
Alkaline Builders - See Page 6 for definition.

sMethods of Application

Immersion is the most common method of
contacting the part with the semi-aqueous
cleaner. Because of the relatively low flash
point of organic solvents, terpenes in particular,
there are limitations to the degree of heating and
agitation applied to the cleaning tank.

To avoid ignition of solvent vapors, it is
recommended that a minimum of 30° F is
maintained between the operating temperature
of the cleaner and its flash point. Terpenes,
which have a flash point in the range of 115° to
120° F, should not be heated above 90° F unless
diluted with water. Glycol ethers and NMP
have flash points of 142° and 204°F,
respectively.

Although agitation increases cleaning efficiency
and emulsion stability, care must be taken to
avoid creating mists of concentrated semi-
aqueous cleaners. These mists can be ignited at
room temperature.

*Safety

In addition to the flammability concerns
identified above, there are some worker safety
concerns associated with terpene cleaners.
Since they are derived from plants, they can
have an odor that is bothersome to some
workers. Ventilation systems may have to be
provided in areas where the cleaners are used.

Toxicity studies on terpenes as well as other
cleaner components are being conducted.
According to an EPA report entitled Aqueous
and Terpene Cleaning Interim Report, “...
aqueous and terpene cleaners can be used in a
manner safe to workers, consumers, and the
general population given appropriate
technological changes and exposure control
practices.”

Since the cleaners are moderate sKin irritants,
solvent resistant gloves and aprons and eye
protection should be worn where exposure is
likely. Handling and safety requirements
identified in the cleaner’s Material Safety Data

———————ee—— SMALL BUSINESS CLEAN AIR ASSISTANCE snssss—————
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Sheet (MSDS) should be followed without
exception.

*Cost

Terpenes, esters and glycol ethers are priced at
$10 to $18 per gallon when purchased in drum
quantities. NMP’s cost is $25 to $30 per
gallon.

*Recovery and Disposal

Recovery - Since oils tend to dissolve in semi-
aqueous cleaners, skimmers and coalescers are
not as effective in the removal of these
contaminants. Concentrated semi-aqueous
cleaner baths are not reclaimable.
Contaminants dissolve and become locked up
in the hydrocarbon solvent making separation
of the dirt from the cleaner difficult. Once they
become contaminated, the cleaning bath must
be disposed. The rinse waters of the semi- .
aqueous cleaning system can be recycled by
microfiltration membranes or ion exchange.

Disposal - The disposal options for semi-
aqueous cleaning baths diluted with water are
the same as those identified for aqueous
cleaning baths. Concentrated semi-aqueous
cleaners, because of their high BTU value, may
be picked up by a licensed hauler and taken to
approved facilities that process wastes into a
fuel that is burned for energy recovery.

Rinsing Step

To obtain the required level of cleanliness,
parts exiting the aqueous or semi-aqueous
cleaning bath should be rinsed. Rinsing is
necessary to remove the residual layer of
contaminants and cleaner. Not all cleaners
rinse the same. Semi-aqueous cleaner residue
is more difficult to remove than aqueous
cleaners. The level of rinsing ranges from
simple immersion or spray using tap water to
multiple rinse tanks using deionized water.

To minimize water usage, a counterflow
rinsing system should be used. In a two tank

counterflow system, water in the final or

- secondary rinse tank is used to replenish the

initial or primary rinse tank.

Heat, agitation and chemical additions will
increase the effectiveness of rinsing. Rinse
water should be warm as opposed to hot or
cold. Hot water may set some of the residues
on the part or form oxide films. Temperature
also affects the surface tension of water. More
droplets will cling to parts rinsed with cold
water than with warm water. Ultrasonics or
pumps provide the mechanical action
necessary to increase rinsing efficiency.
Consideration should be given to using
deionized water for rinsing parts, which
eliminates the spotting caused by the salts
found in hard water. Adding isopropy! alcohol
to the rinse water improves rinsing by reducing
the surface tension of the water.

Drying Step

Unlike solvent vapor degreasing, in which
parts come out dry, aqueous and semi-aqueous
cleaned parts are wet. Drying can be
accomplished by a variety of methods
depending upon part configuration and the
speed required. Typical methods of drying
include evaporation, mechanical displacement
of water or displacement using another fluid.

Evaporation under ambient conditions is slow
and can lead to rusting. Evaporation is
accelerated by putting the parts in a chamber
that circulates heated air. Air knives blow off
water from the part with compressed air. It
minimizes the deposition of dissolved solids
that may remain on the part. Centrifugal
drying spins water off. Special protective oils
displace water from the part and replace it with
a film that prevents corrosion.

ENVIRONMENTAL REGULATORY
CONSIDERATIONS

Waste streams generated from aqueous and
semi-aqueous parts cleaning systems can
include used oils, wastewater (cleaning baths
and rinse waters) and even some small

e SVALL BUSINESS CLEAN AIR ASSISTANCE  ss——————
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amounts of volatile organic compounds
(VOCs). In general, the options for
wastewater disposal are: (1) contracting with
a hauler to deliver it to a commercial
treatment and disposal facility, or (2)
pretreating the wastewater on-site prior to
discharge to a POTW or other approved
receiver. On-site pretreatment may generate
sludge, which is another waste stream
requiring disposal. The environmental
regulatory considerations for all of these waste
streams are discussed below.

Used Oils

Used oils that are separated from cleaner
solutions by devices such as skimmers and
coalescers can be disposed in the same
manner as other used oils that may be
generated from other production or
maintenance processes. If the used oil is
recycled, the generator is exempt from the
requirements of Michigan’s Hazardous Waste
Management Act, 1979 PA 64, as amended
(Act 64).

If the used oil will be burned for energy
recovery, the generator will be subject to the
hazardous waste requirements under Act 64.
Used oil destined for burning is identified as
either on-specification or off-specification.
Used oil is considered to be “off-spec” unless
laboratory results or other documentation
shows that contaminant levels do not exceed
specifications. For more information
regarding the requirements for this
management option, contact your nearest
Michigan Department of Natural Resources’
(MDNR) district office.

All generators of used oil must comply with
the management standards promulgated under
special authority of the federal Resource
Conservation and Recovery Act (RCRA),
Section 3014(a). These standards were issued
to control potential risks from recycled used
oil and, according to these requirements, a
generator must:

asesesssssesssseen - SMALL BUSINESS CLEAN AIR ASSISTANCE

| *Keep storage tanks and containers in good condition;
L abel storage tanks, “used oil”;

*Cleanup any used-oil spills orleaks to the environment;
and

*Use a transporter with an EPA identification (ID)
number when shipping used oil off-site. The
transportation of used oil in Michigan is also subject to
the requirements of Michigan's Liquid Industrial Act,
1969 PA 136 asamended (Act 136). Acontracthauler
of liquid industrial waste, regardless of whether or not
the material is hazardous, must be licensed and a
manifest must accompany the shipment.

Wastewater (Off-site Treatment &
Disposal)

Before sending spent cleaners (or liquid
industrial waste) to an off-site facility for
treatment and disposal, it is the generator’s
responsibility to determine if the waste is a
hazardous waste. There are two categories of
hazardous wastes: listed and characteristic.
Listed wastes are waste materials listed by
name in either Act 64 or the Resource
Conservation and Recovery Act (RCRA).
Characteristic wastes are wastes that possess
any of the characteristics identified in state and
federal hazardous waste law. These
characteristics include corrosivity, ignitability,
reactivity, toxicity and severe toxicity.

If the wastewater is determined to be non-
hazardous, it is not regulated under Act 64 or
RCRA. However, like used oil, the
transportation of the wastewater is subject to
Act 136.

If the liquid industrial waste is determined to be
a hazardous waste, it is subject to all applicable
requirements pursuant to state and federal
hazardous waste regulations. This would
include transporter licensing and disposal at a
licensed hazardous waste treatment, storage or
disposal facility (TSDF).
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Depending on the hazardous waste
characterization and amount of recoverable
oils, liquid industrial wastes will typically go
to one of three types of facilities.

Used oil processors will treat non-hazardous
liquid industrial waste containing recoverable
oils in addition to processing used oils. The
used oils are separated from the wastewater
and are processed for fuel use or non-fuel

industrial uses, such as cutting and honing oils.

The treated wastewater is discharged to a
POTW.

Licensed hazardous waste TSDF facilities will
process both non-hazardous and hazardous
liquid industrial wastes containing recoverable
oils. The used oils are reclaimed and the
treated avastewater is discharged to a POTW.
A price break is given to non-hazardous liquid
industrial wastes.

Licensed hazardous waste TSDF facilities will
solidify both non-hazardous and hazardous
liquid industrial wastes. The solidified
material is landfilled. This disposal option is
best suited for wastes that are heavily
contaminated and/or have very little BTU
value.

Wastewater (On-site Pretreatment)
Businesses must sometimes pre-treat chemical
wastes prior to disposal. The level of
pretreatment depends upon the quantity and
nature of the contaminants and the limitations
imposed by the POTW if discharged to a
sanitary sewer; the National Pollutant
Discharge Elimination System (NPDES)
permit if discharged to surface waters; or state
groundwater permit if discharged to the
groundwater.

There are two types of national pretreatment
standards that control pollutants introduced
into a POTW: prohibited discharge standards
and categorical pretreatment standards.
Prohibitive discharge standards are contained
in the general pretreatment regulations, which
are found in Title 40, Part 403 of the Code of

I FACT SHEET I

Federal Regulations (40 CFR Part 403). These
standards are designed to prevent pass through
or interference with the treatment processes at
the POTW. Categorical pretreatment standards
regulate the level of pollutants discharged to
the POTW for specific types of industries. The
categorical pretreatment standards appear in 40
CFR Parts 405 through 471.

pH Adjustment - Since aqueous cleaners are
alkaline and have a pH ranging between 7 to
12, pH adjustment may be required prior to
sanitary discharge. Sulfurnic or hydrochloric
acid are typically used to lower the pH.

Biodegradable - Many manufacturers claim
their aqueous and semi-aqueous cleaners are
biodegradable. This can be somewhat
misleading because the term biodegradable
applies only to the cleaner. It does not apply to
the contaminants in the cleaner. Also, some
surfactants take too long to break down into
the constituent elements to be environmentally
acceptable. If the amount of dissolved metals
and/or emulsified oils in the waste stream
exceeds the POTW, NPDES or groundwater
permit discharge limits, they will have to be
removed from the waste stream prior to
discharge.

Free Qil Removal - Free oils will rise quickly
to the surface of a nonagitated tank. Skimmers
have either a rope or drum that lifts the oil
from the surface of the cleaner and deposits it
into a holding tank. Devices such as
coalescers and centrifuges will improve the
separation of free oil from the cleaner.

Emulsified Qil and Metal Removal - Removing

dissolved metals and emulsified oils from
aqueous cleaners can be achieved through
chemical treatment or membrane separation.
The chemical removal of stable oil-water
emulsions and dissolved metals occurs in three
steps:

(1) a coagulant is added to break the oil-water
emulsion and a hydroxide, such as lime,
precipitates out the dissolved metals;

e SMAL L BUSINESS CLEAN AIR ASSISTANCE esses———
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(2) a flocculent is added to agglomerate the
tiny oil particles and metal precipitate into
particles; and

(3) the particles are separated from the clean
water through sedimentation and removed.
The chemical treatment of wastewater
generates sludge, which is typically dewatered
prior to disposal.

Reverse osmosis can remove dissolved metal
ions from the cleaner solution. Ultrafiltration
membranes can remove emulsified oils.

Sludge Removal - Pretreatment of wastewater
may result in creation of a sludge. The sludge
must be evaluated to determine if it is
sufficiently dewatered and if it is a hazardous
waste. If the sludge has been determined to
be non-hazardous waste, it can be disposed in
a sanitary landfill licensed under Michigan’s
Solid Waste Management Act, 1978 P.A. 641,
as amended (Act 641). Liquid waste cannot
be landfilled.

Air Contaminants

Michigan’s Air Pollution Act, 1965 P.A. 348,
as amended (Act 348) regulates sources of air
pollution. According to Rule 201, “... a
person shall not install...equipment...which
may emit an air contaminant unless a permit
to install ...is issued.”

Agueous and Diluted Semi-Agqueous
Cleaners - Parts washing processes utilizing

aqueous cleaners and semi-aqueous cleaners
diluted with water could meet one or all of the
following permit exemptions.

Rule 281 (d), “the permit system does not
apply ... to equipment used for washing or
drying materials, where the material itself
cannot become an air contaminant, if no
volatile organic compounds are used in the
process and no fuel is burned.”

Rule 285(i)(iii), “the permit system does not
apply to ... equipment for surface preparation
of metals by use of aqueous solutions, except

for acid solutions.”

Rule 285(0)(1v), “the permit system does not
apply to ...equipment used for ... cleaning ... if
the process emissions are only released into the
general in-plant environment.”

Undiluted Semi-Aqueous Cleaners - Semi-

aqueous cleaners used in concentrated form
could meet the permit exemption identified in
Rule 285(0)(iv).

Although aqueous and certain semi-aqueous
cleaning systems are exempt from permitting
requirements, all cleaners are still subject to
Parts 6 and 7 of the Act 348 rules, which
regulate the usage of VOCs in existing and new
cold cleaners, respectively. The rule requires
that the equipment meet various design criteria
and good operating practices to minimize the
release of VOCs.

For more information concerning:

*The disposal of solid and hazardous wastes and the
transportation of liquid industrial wastes, contact the
Waste Management Division in your local MDNR
district office.

*The NPDES requirements, contact the Surface Waster
Quality Division in your local MDNR district office.

*Discharges to sanitary sewers, contact your POTW.

sThe regulation of air contaminants, contact the Air
Quality Division in your local MDNR district office.

*Suppliers of semi-aqueous cleaners and aqueous
parts washing equipment, contact the Environmental
Services Division, Departments of Commerce and
Natural Resources.

Michigan Department of Natural Resources
Environmental Protection District Offices

Marquette ..........cccoveuneee. ..(906) 228-6561
Cadillac ....ccecevvevncees. e (616) 775-9728
Gaylord .....cccocovevceee. e (517) 732-3541
Grayling ...ccccevvvvireees e (517) 348-6371
Bay City ccccoovecececeee e (517) 684-9141
Grand Rapids ......... = e (616) 456-5071
Shiawassee .....ccceeee. cvceneenn (517) 625-4600
Plainwell ........ccccc... ™ s (616) 685-9886
JACKSON ccevrreccerees i (517) 780-7900
Livonia ....... (313) 953-0241

e seesnemmm  SMALL BUSINESS CLEAN AIR ASSISTANCE esssssss——
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Fact Sheet

Pollution Prevention

Extending the Life of Aqueous
Cleaning Solutions

The bath life of an aqueous cleaning solution is limited by the buildup of the contaminants
removed from parts. Although the cleaners may avoid some of the environmental issues
associated with cleaning with organic solvents, the periodic disposal of the bath to maintain
part quality results in its own environmental and economic problems. These problems can
be minimized through techniques to extend the life of and recycle aqueous cleaning baths.

Don't Trade One
Problem for
Another

In recent years, a number of
companies have switched
from cleaning using chlori-
nated solvents, such as 1.1,}-
trichloroethane or trichloro-
ethylene. to cleaning using
aqueous solutions. These
cleaners are water-based
solutions that can contain a
number of chemical compo-
nents such as detergents.
surfactants, saponifiers and
rustproofing inhibitors. They
are typically used in multi-
stage systems, which may
involve immersion. sprays,
ultrasonics, rinsing. drying or
other steps.

Two of the key motivators for
finding alternatives to
solvent-based cleaning are
avoiding or mintmizing the
air emissions and hazardous
waste generation associated
with these processes.
However. a company that
switches to an aqueous
cleaner may find itself with a
new problem in a new
environmental media. Both
the components of the

cleaner and the contaminant
(typically oils and greases)

“are now introduced into the

wastewater.

Fortunately, the impact of
aqueous cleaning on waste-
water can be minimized.
Extending aqueous cleaning
bath life through operating
changes and/or through
recycling may offer an
environmentally sound
alternative. It may also
reduce costs, allowing
cleaning solutions to be
reused repeatedly. instead of
becoming simply a wasted
valuable raw material.

Companies that are currently
in the process of selecting a
new aqueous cleaning system
may want to consider
recycling options early in the
sclection process. This will
help them select proper
cleaning equipment and a
cleaning solution that both
effectively cleans parts and
can be recycled in the most
cost effective manner.

The Problem of
Contaminants

The life of a cleaning bath
will be limited by the build
up of contaminants as they
are removed from the parts.
With time and use, cleaning
effectiveness will be reduced
(Lindsey et all. 1994).

There are many options for
maintaining cleaning baths
and extending their lives.
The option that will be most
effective and feasible will be
determined by a number of
factors. including the volume
and number of the baths, and
the contaminant or contami-
nants most responsible for
degrading the quality of the
bath. This can include non-
emulsified oil, emulsified oil,
ions such as sodium or
chloride, suspended solids
and dissolved solids.

One of the most significant
factors is whether the oil is
emulsified, and how it
became emulsified. Oil can
become emulsified by a
variety of factors such as
heat, agitation or the
chemical components of the

aqueous bath. Some options
only address non-emulsified
oil, some can also remove oil
that is mechanically emulsi-
fied, and some can even
remove chemically emulsi-
fied oil.

Mechanically emulsified oils
are oils that have been broken
apart by physical forces, such
as agitation or heat, during
cleaning operations. Over a
period of time, if these
physical forces are removed.
these oils may separate out by
themselves. This process can
be accelerated by equipment
such as coalescers or
separators, discussed later in
this fact sheet.

More sophisticated recycling
equipment can remove even
chemically emulsified oil.
This is oil which has been
suspended by components of
the cleaner, which were
specifically designed to
emulsify and suspend this oil
to avoid redeposition
(Peterson, 1995). Equipment
to remove these oils is
typically the most capital
intensive of the systems
discussed in this fact sheet.

Printed on recycled and
recyclable paper

Office of Pollution Prevention, Ohio Environmental Protection Agency, P.O. Box 1049,
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Extending the Life of Aqueous Cleaning Solutions

Because of the problems
inherent to removing
chemically emulsified oil, the
chemical make-up of the
cleaning bath used will
partially determine which
systems are necessary to
adequately remove the oil.

A cleaning solution which
has less power to chemically
emulsify the oil will inher-
ently have less cleaning
ability. Increasing the ability
of the Cleaner to remove oil
results in a trade-off of
decreasing ability of the oils
to be easily separated from
the cleaner at a later point in
time for recycling purposes
(Durkee, 1994).

Extending Bath
Life Prior to
Recycling

Some options do exist for
extending the life of an
aqueous cleaning bath
without the purchase of
additional equipment such as
recycling systems. These
options are discussed below.

Reduce sources of
contamination - Some
contaminants, such as metal-
working fluids or finger-
prints, can be reduced at the
source through operating
changes or increased care in
handling during the pro-
cesses prior to the cleaning
stage. Some material, such
as a rust protectant which a
supplier intentionally puts on

a metal part. becomes a

* contarninant at a later point

and has to be removed. The
company performing the
cleaning should carefully
consider its inventory
practices to determine if any
of this contamination can be
avoided or minimized.

Reduce heat and
turbulence during off-
hours - Reducing the heat

-and turbulence in aqueous

baths during the night or off-
hours may result in more of
the mechanically emulsified
oil rising to the top of the
bath. This will allow more of
the oil to be skimmed in the
morning before operations
begin.

Partial bath replenish-
ment - A company may be
able to extend,bath life by
only partially dumping baths
and adding fresh water and
chemicals to bring the
solution up to volume. This
may increase the effective-
ness of the cleaning bath
sufficiently for continued
cleaning. Eventually,
however. chemicals will neced
to be added at a rate that
results in costs greater than
the savings from dumping
the bath and mixing a new
solution. This indicates that
the entire bath should be
dumped and refilled (PRC
Environmental, 1989).

Recycling

Many different types of
systems exist to separate oil
and other contamination
from the aqueous cleaning
baths. During discussions
with equipment vendors it is
important to emphasize the
following: the company's
intention to reuse the aqueous
baths, not simply pretreat
them before discharging; the
temperature of the baths; and
the pH of the baths.

The company will also need
to determine the combined
volume of the cleaning tanks
and the average time between
tank changeout, and should
prepare copies of material
safety data sheets. It should
also consider analytical
testing to determine whether
the primary contamination is
chemically or mecharically
emulsified oil. non-emulsi-
fied oil, suspended solids.
dissolved solids. or other type
of contaminant. Some
vendors will conduct this
testing themselves.

Filtration

Literature indicates that in-
tank filter cartridges can
extend bath life.  Filters can
be selected to remove non-
emulsificd oils or solids, but
not cmulsificd oils.

One company reported the
purchase of used filtration
equipment for $300 with
installatren costs of $350 for

filtering an electrocleaner
and acid pickle (105 gallons
each). They estimated that
the filtration extended the life
of the electrocleaner by 10
times.

The results of a user survey
in the book, "Pollution
Prevention and Control
Technologies for Plating
Operations" indicated that of
265 alkaline soak processes,
21 utilized in-tank filtration
and one used external
filtration for bath mainte-
nance (Cushnie, 1994).

However, some experts
indicate that the cleaning
ability of filters is insufficient
to make a significant change
in bath life because of their
inability to remove any
emulsified oil. One vendor
indicated that filters may
become coated so quickly
with oil that the cost of either
replacing or washing the
filters might outweigh the
financial benefits of extended
bath life.

Experimentation with filters
may indicate whether or not
they significantly increase
bath life for a particular
application.

Mechanical
separation of oil

Several different types of
equipment exist to separate
certain oils from the cleaning
solutions.
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Decantation - High
volumes of non-soluble oil
{only) can be removed
through decantation of the
oily cleaning solution while
in a holding tank. These
systems should be designed
to prevent oil from being
circulated through process
pumps, so the pumps can not
further emulsify the oil.
Collected oil can be skimmed
into a decanting chamber
where a more complete
separation ¢an be achieved.
(Temple, 1990).

Separation - Both non-
emulsified oil and mechani-
cally-emulsificd oil (but not
chemically emulsified oil)
can be removed through a
separation unit (this may be
referred to as a plate separa-
tor, a gravity separator or a
coalescing unit) or a combi-
nation of filtration and a
separation unit. Separation
units can be central or
dedicated. and can take up
relatively small amounts of
space.

These units speed up the
natural separation of me-
chanically emulsified oil by
agglomerating oil droplets.
This causes them to separate
from the cleaner due to
differences in density
(Peterson, 1995).

Although the variety of
separation units available
function in essentially the
same manner, they will differ
greatly from each other based

cleaner

oil I’ayer

outiet

p—

oil
reservoir

weir
weilr

_\_

coalescing media or separation plates

 Figure 1: Separator

on the vendor and on the
specific needs of the cus-
tomer. See Figure 1 for an
example of a generic
separation unit.

One advantage of combina-
tion filtration/separation
systems is that they do not
risk removing the additives
in the aqucous bath. as
membranes filtration systems
sometimes do.

One clectrical component
manufacturer switched from
simple manual skinuning to a
separation system. The
vendor analyzed a sample of
the used bath to determine
the internal configuration of
the coalescing unit. The
system was installed for less
than $10.000 and rcsulted in
a first vear savings of more
than $29.000 chemical costs
(Batutis. 1989).

Membrane Technologies
In traditional filtration. the

entire stream is passed
through a filter. Crossflow

oil outlet

filtration, typically used for
ultrafiltration and
microfiltration, flows the
stream across a membrane
using pressure to force
filtration to occur. Sec
Figure 2 for a diagram of
crossflow filtration. Ultrafil-
tration and microfiltration
may offer effective means to
reniove contaminants and
increase bath life. They may
also be the most capital
intensive options discussed in
this fact sheet. The type of
membranc system chosen
depends on factors such as
the most significant type of
contamination, the volume of
fluid to be processed, and the
temperature of the solution.

Suspended solids may need
to be removed prior to
ultrafiltration. which is
capable of removing dis-
solved solids and/or
mechanically or chemically
emulsified oil. It removes
particles in the 0.005 - 0.1
micron range.

Many membranes are not
compatible with hot and/or
caustic solutions. This may
preclude use of these systems
entirely, or necessitate the use
of a holding or cooling tanks,
which would require extra
floor space. Ultrafiltration
may require some type of
pretreatment, either by
filtration or by oil separation.
For instance, a vendor may
provide packages with
attached filtration for
suspended solids. Or, the
system may use a tramp oil
separator for pretreatment to
remove mechanically
dispersed and free oils.
Which system is best can
only be determined after
testing and through commu-
nication with vendors.

Microfiltration removes
particles in range of 0.1 t0 5
microns. Many
nicrofiltration systems are
available with ceramic filters
that can withstand the high
temperatures and caustic
solutions associated with
many cleaning baths. This
may avoid the need for a
holding tank or cooling tank.
saving floor space. A
microfiltration unit may take
up less space than an office
desk.

Microfiltration can remove
solids, non-emulsificd oil, or
mechanically or chemically
emulsified oil. but may
require pre-filtration or pre-
separation. Microfiltration
works best with non-silicated
cleaners.

(%]
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The book “Pollution Preven-
tion and Control Technology
for Plating Operations™
provides an example of
return on investment for a
microfiltration system. The
bath volume was 2400
gallons, and the cleaner cost
was $0.42/gallon. Equip-
ment and installation costs
were $27,000, and operating
costs were $6,250/year. Total
savings were $18,715. The
return on investment was 2.1
years (Cushnie, 1994).

One of the most significant
concerns regarding the use of
membrane technologies is
that some components of the
cleaning solution may be
removed along with the
contaminants. If this
happens, chemicals will have
to be added to the bath before
it can be reused.

Case Studies

Ultrafiltration

An Illinois manufacturer of
painted steel shelving units

clean permeate

bjj

I3

cleans metal surfaces prior o
painting to remove mill oils
and metalworking fluids.
Parts are cleaned and
phosphated in a 5000 gallon
heated, aqueous immersion
tank, using nonionic surfac-
tants. and rinsed with a fresh
water spray. The pH of the
bath is maintained at 3.5 and
the concentration of the
cleaner is checked regularly
(the cleaner contains both
surfactants and phosphates).

Although the change to this
aqueous system eliminated
some issues associated with
the previously used trichloro-
ethylene degreasing tank, oil
buildup in the cleaner and
rinsc tank were unacceptable.
The bath had to be disposed
of approximately every three
to four months because of
poor product quality. The
spent bath was classified as a
hazardous waste. and was
incinerated off-site in a
cement kiln. Managcment
costs for transportation and
incineration totaled approxi-
mately $15.000 annually.

Tt g

« |concentrate

TR

B o
membrane ® @
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Figure 2: Crossflow membrane filtration (Prosys

Corporation, 1992)

With the assistance of the
Hazardous Wastc Research
and Information Center,
Illinois, the company tested
and installed an ultrafiltra-
tion unit. Primary objectives
were to reduce waste and to
preserve product quality.

The ultrafiltration process
preferentially removed
surfactants from the cleaning
solution. However, simply
adding additional chemical
solution would have resulted
in excessively high phosphate
concentrations. The com-
pany resolved the issue by
adding a neutral cleaning
additive that contained the
surfactant component in the
original cleaner.

Although the ultrafiltration
system did require significant
capital investment, savings
were achieved through
reduced raw matcrials usage.
plant down time. and waste
disposal costs. Ultrafiltration
has extended the bath life to
over 3.5 years. The payback
period was 6.9 months, the
net present value was
$152.143, and the interest
rate of return was 178
percent (Lindsey et all.
1994).

Microfiltration

An Ohio company that
fabricates commercial
aluminum cookware uscs
aqueous cleaning followed by
a deionized rinse to remove
machine oil. kerosene and

dirt from parts prior to hard
anodizing. This system
originally resulted in
wastewater with up to 150
milligrams per liter of oil and
grease, exceeding local
regulatory limits of five
milligrams per liter for both
oil and grease and kerosene.

A mucrofiltration system was
installed to remove these
contaminants. The resulting
solution could be discharged
under current limits. Even
better, contaminants are
sufficiently removed for the
water to be reused for
cleaning.

The system, which allows 99
percent of water to be reused,
had a payback period of less
than three months, based on
the cost of off-site disposal
(EPOC. date unknown).

Conclusion

If you have decided that your
aqueous cleaning bath is not
accomplishing all you had
hoped for. either environ-
mentally or economically, it
is not too late to consider
options to maximize the bath
life or to recycle the bath.
Keep in mind that the more
chemical emulsifying power
vour cleaner has, the harder
it will be to remove the
contaminants later. You may
want to consider switching to
a cleaner with less cleaning
ability, and relying more on
physical mechanisms such as
agitation, sprays and
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ultrasonics to remove oil and
other contaminants.

If you are in the market for a
new aqueous cleaning
system, consider recycling
alternatives at the same time.
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Vendors

Alfa Laval Separation, Inc.
955 Mearns Road
Warminter, PA 18974
215/443-4030
(ultrafiltration, filtration)

Aqualogic

20 Devine Strect
North Haven, CT
203/288-4308
(ultrafiltration.)

Atotech

2 Riverview Drive
P.O. Box 6768
Somerset, NJ 08875
1/800/PLATING
(filtration)

Baker Brothers Systems
44 Campanilli Parkway
Stoughton.MA 02072
617/344-1700
(filtration)

DJM Industrial

10440 Travis St.

Walton. KY 41094
(ultrafiltration. filtration)

-

EPOC Filtration and
Separation Systems
3065 North Sunnvside
Fresno, CA 93727
290/291-4926
(separation, membranc
technology)

Hawken Technologies

463 Turner Drive, Unit 103
Durango. CO 81301
303/247-4655
(ultrafiltraticn)

Hyde Produci. Inc.

28045 Ranney Parkway
Cleveland. OH 44145-1188
216/871-1188

Fax 216/871-1143
(ultrafiltration. separation)

Industrial Filter

5900 West Ogden Avenue
Cicero. IL 60650
708/656-7800

(filtration)

fonics. inc.

65 Grove Sl
Watertown, M~
617/926-2500
(filtration)

017

Lk fa

Iverson Industries

9799 Princeton-Glendale
Cincinnati. OH 45246
(filtration)

Jarvis Manufaciuring
125 Space Park Scutl
Nashville, TN 37
CLI3/781-3003
(filtration)
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2155 112th Avenue
Holland, MI 49424
616/772-9011
(filtration)

Kinetico Engineered Systems
10845 Kinsman Road
Newbury, OH 44065
216/564-5397

(ultrafiltration. filtration)

Kock Membrane
Systems. Inc.

850 Main Street

Wilmington. MA 01887

1/800/343-0499

(ultrafiltration)

Komline-Sanderson

12 Holland Avenue

P.O. Box 257

Peapack, NJ 07977
908/234-1000
(ultrafiltration. filtration)

Membrex, Inc.

155 Route 46 West
Fairficld. NJ 07004
201/575-8388

(separation, ultrafiltration)

Memtek

28 Cook Street
Bilerica, MA 01821
508/667-2828
{filtration)

Met-Pro Systems

160 Cassell Road
Harleysville, PA 19438
(filtration)

Met-Pro / Sethco
Hauppauge, NY
516/435-0530
(filtration)

Napco. Inc.

« Plymouth Industrial

Napco Drive
Terryville, CT 06786
203/589-7800
(filtration)

Osmonics

5951 Clearwater Drive
Minnetonka, MN 53343
1/800/438-6766
(ultrafiltration. filtration.
separation)

Pasco

Byme Building
Lincoln and Morgan
Phoenixville. PA 19460
215/983-9585
(filtration)

Penfield Liquid Treatiment
Systems

8 West Street

Plantsville. CT 06479

203/621-9141 |

(ultrafiliration)

PhaSep

1111 Jenkins Rd.
Gastonia, NC 28052
704/867-2651
(separation)

ProSys Corporation

187 Billerica Road
Chelmsford. MA 01824
508/250-4940
(ultrafiltration)

Sanborn
Wrentham, MA
1/800/343-3381
(ultrafiltration)

SERFILCO

1777 Shermer Road
Northbrook, IL 60062
1/800/323-5431
(ultrafiltration, filtration)

U.S. Filter Corporation
181 Thom Hil} Road
Warrendalc, PA 15068
412/772-0044
(filtration)

This is the thirty-first in a
serics of fact sheets Ohio
EPA has prepared on
pollution prevention. For
more information, call the
Office of Pollution Preven-
tion at 614/644-3469.

The Office of Pollution
Prevention was created
to encourage multi-
media pollution preven-
tion activities within the
state of Ohio, including
source reduction and
environmentally sound
recycling practices. The
office analyzes, develops
and publicizes informa-
tion and data related to
pollution prevention.
Additionally, the office
increases awareness of
pollution prevention
opportunities through
education, outreach and
technical assistance
programs directed
toward business,
government and the
public.
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Industrial

: Innovations

FOR TOMORROW

Advances in Industrial

Energy-Efficiency Technologies

Supercritical COo—an Environmentally Acceptable Alternative
for Industrial Cleaning Applications

Alternative cleaning technologies
are needed to help industry comply
with the international phaseout of
CF(Cs.

Chlorofluorocarbons (CFCs) have been
used by industry for decades to clean
organic and particulate contaminants
from metals, plastics, composites, ceram-
ics, electronic components, and other

materials. CFCs are suspected of depleting
the stratospheric ozone layer, which pre-
vents damaging solar ultraviolet radiation
from reaching the earth’s surface. Because
of the environmental implications of con-
tinued use of CFCs, the United States has
joined other nations in calling for a halt to
CFC production by the end of the century.

The CFC phaseout has spawned the devel-
opment of a number of alternative cleaning

The supercritical CO; cleaning system shown here uses heat and pressure to create lig-

i G

uid CO, that cleans contaminants from a variety of components. The inset photo shows
the system’s working chamber. (Photos courtesy of Los Alamos National Laboratory)

technologies to meet the needs of industry.
Although several solvents have been
identified as substitutes for CFCs, they
appear unable to accomplish the “precision
cleaning” required in applications preva-
lent in the computer, aerospace, and medi-
cal industries. Additionally, they carry
environmental hazards of their own.

One new technology-—supercritical fluid
cleaning—has been identified as a viable,
environmentally benign precision cleaning
technology. Three national laboratories
have joined four industrial partners and the
Industrial Waste Reduction Program in the
U.S. Department of Energy’s Office of
Industrial Technologies to form the Joint
Association for the Advancement of
Supercritical Technology (JAAST).

The JAAST program is addressing the
technical challenges of developing super-
critical fluid systems and is working
toward commercializing a specific tech-
nology—supercritical carbon dioxide
(CO,) cleaning—for use in government
and industrial installations. To this end,
JAAST members are developing the
necessary data to measure the applicability
of supercritical cleaning and to evaluate its
economic feasibility.

The joint government/industry
group is investigating supercritical
CO; cleaning for a number of
applications.

In a supercritical CQ, cleaning system, the
components to be cleaned are placed inside
a chamber. Liquid CO, is compressed and
heated; the CO, becomes supercritical at a

Supercritical CO2 Cleaning
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Supercritical CO, is pumped into a chamber where it cleans components; the CO,
exiting the chamber is expanded into a gas, and the contaminants are separated out.

temperature of 89°F (31.7°C) and pressure
of 1095 psi (7548 kPa). Beyond this point,
the gas and liquid phases of the CO, are
indistinguishable. The supercritical fluid is
pumped into the chamber where it cleans
the component. The CO, exiting the cham-
ber is allowed to expand into a gas, and the
contaminants are separated out. The gase-
ous CO, is then either vented or cooled
and condensed into a liquid, which is
recycled back into the system.

The members of JAAST work in close
coordination. The national laboratories—
Los Alamos, Sandia, and Pacific North-
west (PNL)—are conducting the basic
research. Hughes Aircraft Company,
Boeing Aerospace and Electronics
Engineering, and IBM are supplying the
parts to be cleaned and ancillary research;
Autoclave Engineers is supplying the
cleaning equipment.

Research at Boeing is currently focusing
on cleaning printed wire boards. For this
project, supercritical CO, cleaning will
take place at Los Alamos, initially on a
small scale. The goal is to determine opti-
mal conditions for cleaning both organic

and inorganic contaminants from the
boards. Full-scale boards will then be
tested in a SuperScrub™ unit—a new,
large-scale cleaning system recently
developed by Autoclave Engineers.

Hughes Aircraft is conducting particulate
removal studies and is evaluating recy-
cling the CO, solvent during the cleaning
process. Hughes researchers are conduct-
ing these studies at Los Alamos, where
special “clean” rooms are available for
handling the test surfaces. The goal of the
recycle evaluation effort is to determine
the degree of cleanliness of the CO,
required for reuse. Hughes is also studying
other supercritical fluids that may be
viable in precision cleaning applications.

The other members of JAAST are involved
in a variety of related projects. IBM is
investigating the cleaning of organic,
inorganic, and particulate materials from
porous metal parts. Sandia is studying
some of the physical and chemical processes
involved in supercritical CO, cleaning.
PNL researchers are performing bench-
scale experiments using Boeing parts.

This document was produced for the U.S. Department of Energy (DOE) by the
National Renewable Energy Laboratory, a DOE national laboratory. e This document
was prepared for the Office of Industrial Technologies in conjunction with Energetics, Inc.

DOE/CH100983-201 « DES3000066 » June 1994

Supercritical CO, cleaning is both
environmentally and economically
attractive.

The environmental advantages alone of
supercritical CO, cleaning over CFC-based
cleaning are sufficient to make the new
technology attractive. The majority of the
approximately 100,000 tons (90,000 metric
tons) of CFCs per year used for cleaning in
the United States is eventually released

to the atmosphere. This waste would be
eliminated with the use of supercritical
CO, cleaning. In addition, the oil used to
produce CFCs would be saved.

A supercritical CO, cleaning system also
has a number of economic advantages over
a conventional cleaning system. The CO,
system has a lower capital cost, requires
less labor, can be installed in less space.
and operates with a shorter batch cycle
time. However, the principal economic
advantage over CFCs is the estimated sav-
ings of hundreds of millions of dollars in
solvent costs.

The JAAST program is expected to be
completed by the end of 1994. Hughes
Aircraft and Autoclave Engineers have
already formed a venture partnership to
market the technique. If the current proj-
ects prove successful, several other com-
panies are planning to commercialize
supercritical CO, cleaning equipment.

&% Printed with a renewable
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Supercritical Fluids
Pollution Prevention Benefits

The main advantage of using carbon dioxide (CO,) as
a supercritical fluid (SCF) is that CO, is nonpoliuting.
CO, is derived from the atmosphere and is not created
for use as a solvent. Furthermore, the small quantity of
CO, released would have an insignificant effect on
global warming. On the other hand, cosolvents, which
may be used to improve the soivent power of CO,, may
have pollution potential and should be investigated
before use. Energy is required to operate the pumps
and temperature control equipment that are needed in
supercritical cleaning equipment.

How Do They Work?

CO, compressed above its critical pressure (73.7 bafs,
or 1077 psi) becomes a critical fluid, and if also heated

10,000

above its critical temperature (31.1°C, or 88.0°F), it
becomes a supercritical fluid. Typically, however, the
term supercritical (SC) is applied to any region in phase
space that is above either the critical temperature (T))
or the critical pressure (P,). Critical and supercritical
fluids are excellent solvents for dissolving many
medium-molecular-weight, nonpolar or slightly polar
organic compounds.

Figure 1 is a phase diagram for CO, that shows its
stable phase boundaries, including the supercritical
region. The solvent power of supercritical fiuids in-
creases as the density of the fluid increases. The
density of SC CO, can be made nearly liquid-like at
moderate pressures. The shaded region in Figure 2
shows the pressure-temperature (P-T) region that is
most useful for cleaning. Fluid densities range from
approximately 0.2 to 0.8 g/cm?. Figure 2 shows how the
fiuid density may be varied to achieve a broad range of
solvating ability. It may be said that supercritical fluids
can be “tailored” to achieve a desired solvent capability.
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Other factors that affect the cleaning abilities of SCFs
are their gas-like low viscosity and high diffusivity,
which enable them to penetrate into smali confined
spaces, such as cracks and blind holes. in the P-T
region of interest (shaded area in Figure 2) viscosities
are about twice those of the gas at atmospheric
pressure and at the same temperature, whereas
diffusivities are about 30 times smaller (Lira, 1988).
However once CO, molecules have- solvated contami-
nant molecules, the kinematic properties of the fluid
may change, especially near the SCF/contaminant
interface. With this change, the solvated contaminant
species may be difficult to remove. In practice, some
sort of mixing mechanism or flow control usually is built

into the extraction vessel.

A typical SCF cleaning system consists of the following
components:

~ CO, source (compressed gas cylinder)
~ Chiller to condense CO, gas to liquid

Pressure-density diagram for pure CO,; temperature in °C; cp = critical point.

~ Pressure pump to elevate CO, liquid pressure

~ Hot water bath to elevate line temperature to that
of the cleaning chamber

» Cleaning chamber where parts are cleaned

~ Pressure reduction valve at fluid exit port

« Separator vessel to collect contaminants

~ Air flow meter to monitor CO, usage.

Samples to be cleaned are placed in the cleaning
chamber, which also is called an extraction vessel or
autoclave. The process is started by drawing CO, from
the gas cylinder, then pressurizing and heating the CO,
to the same P-T conditions as in the extraction vessel.
Heat tape may be wound around all critical fluid
transfer lines, and temperatures should be monitored at
various points by thermocouples. SC CO, flows
through the cleaning chamber where it dissolves and
carries away soluble substances. After extraction, the
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CO, and dissolved contaminants pass through a
pressure reduction valve where pressure is dropped
below P, and then they enter the separator vessel. As
CO, returns to the gaseous state, its solvent power
decreases substantially and contaminants drop out of
solution and remain in the separator vessel. The CO,
continues to flow out of the separator vessel through a
flow meter and to the atmosphere.

As a rule of thumb, to achieve good solvency at
moderate temperature, the fluid pressure should be 2
or more times the critical pressure of the fluid. Typical
operating conditions for SCF cleaning equipment are
listed in Table 7.

Table 7.  Typical Operating Conditions for Supercritical CO,

Cleaning
Parameter Scientific Units . Engineering Units
Pressure (gauge) 100-300 bars 1,450-4,350 psi
Temperature 40-85°C 100-185°F
SC CO, Density 0.5-0.8 g/cm?® 30-50 Ib/ft?
SC CO, Flow Rate 1-5 kg/hr 2-11 ib/hr
Time 0.5-3 hours 0.5-3 hours

Operating Features

SCF cleaning exploits the marked improvement of the
solvent power of CO, or other substances after they
undergo a phase transition from a gas or liquid phase
to become supercritical fluids. Supercritical CO, has
been used very successfully to remove organic soils of
moderate molecular weight and low polarity. Supercriti-
cal CO, does not give good results for soils that are
jonic or polar in nature, such as fingerprints.

small amounts of soil from parts that require a high
degree of cleanliness. For example, precision cleaning
operations have been performed successfully on the
following devices: gyroscope parts, accelerometers,
thermal switches, nuclear valve seals, electro-
mechanical assemblies, polymeric containers, optical
components, porous metals, and ceramics (Gallagher
and Krukonis, 1991; Woodwell, 1993). The cleaning
technology is available commercially. '

Capital costs for installing SCF equipment are high, at
ieast $100K for small-capacity equipment. The cost of
the autoclave increases considerably with size. Smal
vessels may be only 1 liter in volume and are relatively
inexpensive. Large vessels—30 liters, for example—
are many times more expensive for the same pressure
rating. If large parts are to be cleaned, it may be more

cost effective to purchase lower-pressure-rated equip-
ment and operate the SCF system for longer times at
lower pressure. The expense of supplying CO, to the
system, however, is quite small, about 7 cents per
pound.

Application

Supercritical fluids have been used in organic chemical
analysis equipment and in the food and flavor indus-
tries. SCFs have been used to clean and degrease
precision parts in the defense industry since the mid-
1980s.

Supercritical fluids have been used to remove machine
coolants on aluminum and stainless steel substrates
(Salerno, 1990). The cleaning process, performed at
35°C, 138 bars for 15 to 30 minutes, yielded a residual
0.65% of the coolants on the substrates. The solubility
of the coolants ranged from about 1 to 5% under these
conditions.

Benefits

Low viscosity and high diffusivity permit SCFs to clean
within very small cracks and pore spaces. The solvent
power of SCFs is pressure-dependent, making it
possible to extract different soils selectively and
precipitate them into collection vessels for analysis.

Limitations

Health and Safety. The only major safety concern is
the danger of a pressure vessel or line rupture. How-
ever, the pressures used in SCF cleaning are weli
within the strength limits of most standard autoclave
equipment.

Compatibility with Materials. SCFs are compatibie
with metals, ceramics, and polymers such as Teflon™,
high-density polyethylene, epoxies, and polyimides.
SCFs cause swelling in acrylates, styrene polymers,
neoprene, polycarbonate, and urethanes (Gallagher
and Krukonis, 1991). Components that are sensitive to
high pressures and temperatures should not be
cleaned by SCF methods. Process developments in
the future probably will make SCF cleaning more
aggressive toward removing cross-linked polymeric
materials and displacing particulates.

Cleaning Efficacy. The major deficiencies ot SCF
cleaning are that SCFs are not eftective in removing
inorganic and polar organic soils, nor do they remove
loose scale or other particulates. For these reasons,
the soil must be well characterized to ensure its
solubility in SCF before an investment is made in this
technology.
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it also is not known whether the process can remove a
complex mixture of contaminants. Therefore, a detailed
analysis of the contaminants must be done before the
likelihood of success can be determined.
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Carbon Dioxide Snow
Pollution Prevention Benefits

Chilled CO, is a nontoxic, inert gas that replaces
solvent use to eliminate ozone-depleting substances.
Because the CO, is recycled, there is no need for
disposal, nor is any wastewater produced. It generates
no hazardous emissions.

How Does It Work?

Gaseous or liquid CO, is drawn from a room-tempera-
ture gas cylinder or high-pressure dewar and expanded
through a nozzle to produce fine CO, particles and CO,
gas. These particles are dry ice snowflakes and are
propelled by the gas stream.

The CO, gas or liquid is expanded through a special
nozzle to form a jet. For example, when liquid CO, at
750 psi is throttled through a nozzle and expanded into
a volume at 1 atm pressure, it undergoes a phase
change to the solid state. The shape and size of the
snowflakes depend on the configuration of the nozzle
and the conditions in which the flake formed in the gas
stream. The snowflakes can be individual crystals or
collective groupings of crystallites.

Cleaning action is performed when the snow particles
impact a contaminated surface, dislodge adherent
contaminant particles, and carry them away in the gas
stream. The process is effective in removing very small
(submicron) particles, where fluid drag normally
restricts the performance of liquid phase cleaning. The
CO, snow cleaning process also is believed to attach
hydrocarbon film by dissolving hydrocarbon molecules
in a temporal liquid CO, phase at the film-substrate
interface (Whitlock, 1989). The dissolved fiim is then
carried away by subsequent flow of snow and gas.

Operating Features

A complete system includes a CO, purifier, a pneu-
matic actuated head, and a microprocessor-based
timing circuit. Several models of manual spray booths
are available that provide a nitrogen-purged, heated,
and monitored environment for CO, spraying that cost
$10K to $15K. One commercial purifier is availabie in a
17 x 14 x 24 1/2 inch stainless steel cabinet. it weighs
135 Ib and requires an energy supply of 6 A, 115 VAC,
and 60 Hz.

Another commercially available purifier is capable of
purifying CO, to a water content of less than 20 ppb by
weight. In laboratory analyses of CO, before and after
purification, the hydrocarbon content of 1800 ppb by
weight was reduced to 3 ppb hydrocarbon; CO, with
140 ppb by weight halocarbons was purified to 1 ppb
wt halocarbons. The puritier works on a 25% duty
cycle, allowing use for 1 minute to every 3 minutes of
recovery time. The snow gun consumes 0.6 |b of CO,
per minute when used continuously.

If the dust or dirt particles removed by CO, snow
cleaning are a hazard, they can be collected by an
electrically charged curtain (Hoenig, 1990).
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Application

CO, snow gently removes particles smaller than 10
microns in diameter down to 0.1 micron that are difficult
to remove using high-velocity liquid nitrogen. It is used
to remove light oils and fingerprints from mirrors,
lenses, and other delicate surfaces, and from precision
assemblies, without scratching the surface.

CO, snow can clean hybrid circuitry and integrated
circuits without disturbing the bonding wires. This
unique ability cannot be duplicated by any other
cleaning mechanism. in the disc drive industry, CO,
snow is used fo remove patticles from discs without
damage to the operation (Hoenig, 1990).

The process is used to remove paste fluxes in solder-
ing. if the grease cannot be removed with CO, snow
alone, a combination of CO, snow and ethyl alcohol is
effective, followed by CO, snow alone to remove the
impurities from the alcohol (Hoenig, 1890).

CO, is used to remove hydrocarbons and silicone
grease stains from silicon wafers. Wafers artificially
contaminated with a finger print, a nose print, and a
thin silicone grease film were found to have surface
hydrocarbon levels 25 to 30% lower after CO, snow
cleaning than the original wafer surfaces (Sherman and
Whitlock, 1990).

Layden and Wadlow (1990) report a reduction of zinc
orthosilicate concentration on a silicon wafer of more
than 99.9% after cleaning by high-velocity CO, snow.
Whitlock (1989) reports removal of greater than 99.9%
for particles ranging from 0.1 to 0.5 micron diameter.

In the field of optics, CO, snow is used to clean the
light-scattering particles and debris from the mirrors of
the world's largest and most expensive telescopes.

CO, snow also is used to clean surfaces exposed to
contaminants in air prior to surface analysis. The
process was found to work better than solvents to
clean vacuum components. Because the aerosol could
penetrate narrow spaces, no disassembly was re-
quired, greatly shortening the time required for clean-
ing. Furthermore, CO, cleaning is effective on some
plastic parts that cannot be cleaned by solvents
(Layden and Wadlow, 1990).
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Benefits

Some of the major beneficial aspects of CO, snow
include

CO, snow performs ultrapure cleaning of light oils
down to submicron size on the most delicate,
sensitive materials ranging from bonding wires to
precision mirrors in telescopes.

The CO, snow crystals generated by the snow
gun are extremely gentle.

The CO, snowflakes are adjustable to a wide
range of size and intensity.

The process does not create thermal shock, is
nonflammable and nontoxic, and causes no
apparent chemical reactions.

Cleaning by CO, snow is noncorrosive and
feaves no residue.

CO, snow does not crack glass or other ceram-
ics.

No media separation system is needed, nor is
there a media disposal cost.

CO, snow can penetrate the nonturbulent area to
dislodge contaminants and can be used on
components without disassembly that otherwise
must be disassembled because the aerosol
penetrates narrow spaces.

Limitations
Potential hazards and limitations of CQ, snow include

+ Heavier oils, alone or mixed with light oils, may
require chemical precleaning and/or heating to
be completely removed.

+ The CO, must be purified because of its ten-
dency to dissolve contaminants from the walls of
tanks in which it is stored. Purification equipment
adds expense to the CO, snow cleaning system.
When surfaces are excessively chilled by long
dwell times, airborne impurities may condense
and settle on the clean surface (Zito, 1990).

CQ, snow has low Mohs hardness and will not

. scratch most metals and glasses. However, hard
particulates such as sand that may be present on
a surface potentially could cause scratching
when they are carried by the gas stream.

References

Hoenig, S. A. 1990. “Dry Ice Snow as a Cleaning Media
for Hybrids and Integrated Circuits.” Hybrid Circuit
Technology, December, p. 34.

Layden, L., and D. Wadlow. 1990. “High Velocity
Carbon Dioxide Snow for Cleaning Vacuum System
Surfaces.” Journal of Vacuum Science Technology,
A8(5):3881-3883.



Sherman, R., and W. Whitlock. 1990. ‘The Removal of  the Fine Particle Society, Boston, Massachusetts,
Hydrocarbons and Silicone Grease Stains from Silicon  August 22.
Wafers.” Journal of Vacuum Science Technology,

B8(3):563-567. Zito, R. R. 1980. “Cleaning Large Optics with CO,
Snow.” SPIE Advanced Technology Optical Telescopes
Whitlock, W. 1989. “Dry Surface Cleaning with CO, IV, 1236:952-971.

Snow.” Paper presented at the 20th Annual Meeting of

30



N

101 ONIHSINIL SEDNUOU

oy oowis ‘sadaeyostip dis 1oy Kue
JO 20UISAE A UL MOU PAIIA0D Oq [[ImM
A1qeqoad sauryoew Juiueajd snodnbe
wolj sodreyosip 1agie] ‘A[a1eulaly
"POIdA0D Oq 1M uOLE)S
Furueopo 1891 [vWS Y} Wody d31eyosIp
241 ‘MLOd ® 03 yerne ddie] Jul
-ura(o Avids wolj 191em 98181 os1p oL
J] 'ous Aq ST 3] oy ‘19yem o31eyd
-sip jey) suoperado iayio uo spuad
-op uonemJay sty JO 103333 3yl ‘uoy
-emgar siy} Aq PaIdA0d $103098 AN
-suput ut sjed uiuesio asoyy 10,
‘0181 moyj Aue je ‘qesodord
sl Aq pa19A0d ole $a31eyostp 3021ip
|[e pue ‘oaupul moN ‘[esodoid sup
woy 1dwaxd axe ‘ay1s 1ad {(pd3 000‘p)
1eok 1ad €8 uoljjiwr auo ueyl $SI[ JO
sadleyosip yoaaIpul uysixy "sivem 208y
-ms 0] 218 $aZIeyOSIpP 10211p {(SHIOM
Juouneal] paumQ ApPrgnd) MILOd
v 0] 9SO} oIv SOTIRYOSIP 10dMPU]
‘sperawr snordard-uou pue snoroard
pue ‘sajoiyaa lojow ‘sieoq pue sduys
sspuownasur progpiesr “yuowdinbo
POYasSNOL ‘SOUIOBW J2LFJO OnN
pue siq ] 9seyd SE 6661 Ul pAIsA0d
9q [IIm $I0309S [BUOIHPPE UDAIS

€661 "AVIN

‘uonejuawalduw ayy jo | aseyd st
sigL Judurdinbo [erysnput Lreuonels
pue ‘ooueupio ‘quawdmba jerysnpul
apiqowt ‘orempiey guowdinba ooy
-00[0 ‘aordsoror ‘) RIDIIE 1S10)03S [B11)
-snput FUIMOJ[0] J1 Ul SOULYOBW 10
syonpoid ‘syed Jejowu paysiuly prng
-0l pue ulejuiew ‘sinjoejnuewl eyl
S31)1[I98] SIDA0D JUAPING judnjyje
INDIIN PUL (NP A U3 STIBUM
‘] 2]qRL Ul UMOUS SE 31k S} uoyern
-u20uos JY} ‘s108IeydsIp J021pUl pue
10011 10, "$S{ JO SaN[BA JUALIND IO
100[J01 AWl JeY) SRl MO[} I9jEMmd)sem
ssa00ad arenidoadde ue asn [[Im I9)Lm
ypuuad ay], ‘spun sSeW 0} PAMdAUOD
pue ‘ajel mojj ssew e Aq parjdinuw
W UONBIUOIUOD B AQ PIUTLUIILP
aq (A ynp ytuaad no X ojqejleae
Apuonmd (14€) ASojouyody ouod
ponoerd 3saq oy 3wkdde £q orqu
-UIBIE UOTONPAL JUdNId JO TP
oy juasaador syu] juanggpo Sy L

Poas o¢ 0SB PINOA
FuIoA204 puE UOLONPAL MO|f S8
-oad-uj ‘sweans 1oylo yim 1 guiulq
-WoS 210J9q puB JUSWIEII) IPIUBAD
191j8 Pajonpuod aq jsnuw Aprueko 10§

IO S FOPRVE VISP RNDY TIUE U S TS TP

0'6 01 0"9 UM
g¢

a1/
wnwixey “6ay Ajyuop

oj11/Buw
wnuijxewy Arteq

Hd auQ

(sp1os papusdsns (ej0}) $S1

L aseslp R 11O

: “apiuehn

L ouiz

S LIOIN

©uod

Jeddon

WNIWOIYY

WNwpeo

wouwnjy
Ja)/Bw

Ajadold 1o juenjjod

SHY] HOOLNON0)—] 118V

oo ‘nouuduL)

Uy HONBINGRY 42UPIDE) UZDIDRY BUrystuLy sionpo.

$661 ‘AVIN

Jo anss| 6661 ARIA ays wioly uoissiwiad yiia pajuriday

FuLIOHUOW-J]9S "JUI[BALI ©) Wi
0142 JUdjBARXAY ddNpal 0) vo?&.:
ST Iajemalsem Fuiigaq-wniwoayn)
PIL0{Y20dAY WNIPOS YIm U0}
-on1sop aprueks y3nouy s903 Iojem
-91sem Jupieoq-aprued) sanbruyog
Zuiwuiys [1o pue wc_xmu._n-cc._.m_::_o
Him pajeany are surednis A[IQ 'uoned
-1JLIR[D £Q pamoj[oy :ocm:&oo.a._mo
-TwdYd Jusunean; 13)emaisem euorn
-UDAUO0D asn [{Im nok Ljjerausn
‘pPasn aq ueo _suor
“BUIQWOD JoNu0o,, uiel1ad Kjuo Hmﬁ
Ul SJUDAJOS PAJRULIOIYO 10J JVHSHN
SU3 WOy JudI9Ip Apounsip si
SIJL "SHWI PISBQ-SSEW 199Ul JSNU S.19
-$() "oouei[dutod Jo poyow e Aj1o9ds
jou soop pue comg-ooza:~.~®.~oa
st uonendai pasodoad ay | jueagy 1
SO0 JBYM D SI29JJV 31 08 MO .
"031eyosIp [2303 oYy jo pred 1sopow
v Kjuo st ourp Suueopd snoanbe mou
OU1 WO 2ZIRYISIP pUL 10jeMDISEA
$50001d Jo sd21m0s 10130 aav aloy)
JU paldA0D 3q JOU [ )1 I19AOMOF]
K3j108) Mok je 19)emajsear ss0001d
JO 92inos o8rel v 10 jsny oy SI J1
J1 voneingar sy Aq parsaod aq _._:s.
A1qeqoid ourp Juruesd snoonbe mou
mox jaui| uruea(o snoanbe ue yim
10sea13ap rodea Awr doeydor | Ji uesw 1
SO0P JBYM (IIN 1BJV Sy, s90q
"901}J0 S JojRISIUIWIPE VY A}
8unaeiuos £q 10 ‘paysijqnd se B EELE
woy ‘JIZ NI 211 St [IN8] s69¢
1Z8-£0L Je preoq unsjing vdyq ays
Wwoiy 31 Surpeojumop Aq ajng pasodoid
3 o £doa [1ng € 328 ued no & “judy
JO pud ays e (y,4) 1s13ay _Ep.ucom
oyl ur paysijgnd sem pue ‘661 ‘1€
Yol U0 paudis sem aurjoping
juonpgyo (NJN) Ateuryorp
pue s1npoid el posodod ay

SEX3, ‘uosyoef ayey
sazudiojuyg sanesin
1uapISaly

11 ‘q9xin(] g NHO[ Ag

“ o nok LI fzoa
Jsows [|im auyjapinG juanjjja Aa
-UIYIDY puD spNpoL4 |njayy mau ay)

swajshg
buunay)y
snoanby
bupayyy
4

o

D ine e to ot st PN .
ERERPEE P crs SrssssInssE RN o



$661 ‘AVIN

‘Yvask HO .:m:EoEo ‘ajld ybnojy 0099
‘ONIHSINI4 S10naoyd o/ « SHUpiday,
01 peayssnel Aueduigy yo M ‘ajapue
SIUl Jo Adoo jeuorppe ye Isanbay o)

¢Ado) jouoyyppy [ ]

Ad  Bunuoswwoy 19pIsu0o prnoys
nox ‘9661 ‘I1aquiazdag ur Sunpni jeuy
E ansst 03 painpayos o pue ‘quow
“Wwod onqnd maraay 4 vy oy
‘venX0

M a1ay g “syros payisinws 10 pazi|
~1qnjos pue ‘sjusge Suuesjo JO sjusu
-odwos JusAfos pue Jus31310p swos
SSTw fewr 159) ospo1g pue [10 oy

“UB3[d [e)out snoanbp QAISsaI3Fe uoym
Alremonred “Iorem ur jussarg Arew
~IoU w0 jo sjoaqy Y31y 1910901 Jou
Aewr usunean Idjemarsem [eord£ |
"Kinrenb 31y Ajareg jo 191em Bupyupap
Ul Usss are usarg S19431 moy oy
‘Ped] pue ‘uon .E:EEE« Al1emoned
‘Sferow o S[9A9] uonenuasyo, ay
Inoqge wawwos Jueoyugis 10adxa g

ONIHSINIL s1onaowd  ¢g
‘Tesodord

J0 218D ayy woy skep g6 aaey Im

POA Pausiignd uaym yndog y
Ud[eAIbS o1x0) punod [eJuswaroy;

II'M s1981eyosyp ¥311pur pue 10211p
$3jewnss vy oy L "Wedwy orugouogs
Iofewr ® 295 j0u PInoys jey; sossay
-Isnq [1ews are SONIIoR) pajooyse ay
30 10d ¢/ jey SolBWnSY wag oy 1
.?oﬁ::o&i&akv dyo
-Ue 10y papen 8q ?ouo_aov.ozonov
uonniiod yo adA; suo 8ums; jou
PU® ssauirey a1e s15adse ueyoduy
‘28pnjs Snopiezey-uou oy djeIauLOU;
10 [1ypue; o) 9ABY Jou op spy 10d
05 ‘paonpar aq 1M o8pnys ledorunw
JO jusu00 spejouy UL “1e3f yoeo
Pagieyosip Siuenfrod orxo; yo sqJ uorg
-l & jsowye SIBUWILS 03 51 9soding
SUL ¢Sy Bupog Vdd oy sy Ay
6661 “0¢ 1equiaidag aq A1qe
-qoad [im yorym ‘PojeSinuord Alreuy
ST o[t ayy ayep oy Woly s1ea gory |
?Ca%ouoz duegdwoy) s udIy A
«<uonnyrod oy uonnjos oy
128u0] ou sy uonnyp,, sueswy yarym
‘sseur Sursn Paje[nojes oze Sy oy
‘s P3seq-£3ojouysoy ja5uy Isnw
SanIoey Junsixs PUE mau iog
TXE€ €0y DD
90USIRJaI [11m oym “To3uM nursd ayy
10J [[es Juswdpnfe ST .Mau,, jo uony
“Yap ay3 puy "(8uipping 10 uoneje)s
-ur) ons oy oy SAlB[AI sueaw MON
P312A02 aq M ‘oypy MO[J Aue je
0311pUT 10 19211p “sagreyosip MIN
1S 33 woyy padieyo
“SIp Iojem oy ST 11 ‘paje[nga; 8ur
-9q Juowdinbo Sutues)o oY1 jou s1 31
‘Taquisway 183 uonnw auo pasoxs
A1 Im swmnjoA a8reyosip Jenuue

"t Swaisdg Surunapy Snoanby %:.au.w&\v. Suoyvin3ay

ey e ey e
R R R AR T AT R




OhicEPA

State of Ohio Environmental Protection Agency

STREET ADDRESS: - MAILING ADDRESS:
800 WaterMark Drive TELE: '614) 644-3020 TAX: (614) 644-232¢ P.0. Box 1048
Columbus, O+ 43215-708¢ Coiumbus, OH 43216-104¢

Vendors of Cleaning Solutions and Equipment
September 1995

The following are tables of vendors of cleaning solutions and equipment. These tables are a partial representation.
If you wish to be added to the tables, please notify the Ohio EPA Office of Pollution Prevention in writing. These
tables are not an endorsement or approval of these vendors by Ohio EPA.

Cleaning Solutions

Vendor Aqueous Semi-Aqueous
Hydrocarbon Terpene Alcohol

3D, Inc. X X

ADF Systems, Ltd. X

Advanced Research Technologies X

Ambassador Marketing X X

Altos Engineering, Inc. X

ARCO Chemical Co. X X

Ardox X

Ashland Chemical

BioChem Systems X

Blue Wave Ultrasonics

Branson Ultrasonics Corp.

Brulin Corporation

Buckeye International, Inc.

Calgon Corp.

Chemical Solvents Inc.

Chem-Tech International

Chemtronics Inc.

Circle-Prosco, Inc.

Conceptronic, Inc.

CRC Industries, Inc.

Creative Enterprises X

Crest Ultrasonics

Dell-Chemical Systems Inc.

Delta Omega Technologies, Ltd.

Dextrex Corp.

Dow Chemical Co.

Dubois Chemical Inc.

Dynamold Solvents, Inc.

Ecolink

Eco-Systems X

Electolube Corp. USA

Envirosolve

ETUS, Inc. X

EXXON Chemical Co.

EZE Products Inc. X

Fine Organics Corp. X
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Cleaning Solutions continued

Oakite Products, Inc.
Parker-Amchem
Petroferm Inc. X X

Vendor Aqueous Semi-Aqueous
Hydrocarbon Terpene Alcohol
Fremont Industries, Inc. X
Gray Mills Corp. X X
Hubbard-Hall, Inc. X X
Hurri-Kleen Corp. X
Inland Technologies X X X X
Insitu Environmental Chemical Co. X X
Kleer-Flo Co. X
Kyzen Corp. X X
Loctite Corp. X X
MacDermid, Inc. X
Man-Gill Chemical X X X
McDermott X X X X
North American Environmental Oil  x
& Cleaning Supply Co. X
X
X

P-T Technologies, Inc. X X

Qual Tech Enterprises, Inc. X

Ransohoff Co. X

Risson Group Inc. X X

Rochester Midland Corp. X X

Selig Chemical Industries X X

SONICOR Instrument Corp. X

Storchem Inc. X X X
Sunshine Markers, Inc. X

Tech Spray Inc. X X X
Terpene Technologies Inc. X X X
Texo Corp. X X

Ultrasound Fabrication, Inc. X

W.R. Grace & Co. X

Zip-Chem Products X X X X



Cleaning Equipment
Vendor Aqueous Semi-Aqueous Media Blasting Supercritical
Plastic = CO2 Fluids .
ACCEL X X
AC Molding Compounds X
ADF Systems, Ltd. X
Alpheus Cleaning Technologies, Corp. X
Altos Engineering, Inc. X X
American Metal Wash, Inc. X
Ardox X
Automated Blasting Systems Inc. X
Baron-Blakeslee, In.c X X
Better Engineering X
Blackstone Ultrasonic, Inc. X X

Blast-1t-All X
Blue Wave Ultrasonics
Bowden Industries
Branson Ultrasonic Inc.
Buckeye International, Inc.
CF Technologies, Inc. X
Chem-Tech International
Cincinnati Industrial Machinery X X

Clemco Industries Corp. X

Cold-Jet Inc. X
Composition Material Co., Inc. X
Conceptronic, Inc. X

Crest Ultrasonics X X

Creative Enterprises
Crest Ultrasonics
Deflex Corp. X
Dextrex Corp.

Durr Industries, Inc.

Ecolink

Electonic Control Design, Inc.
Empire Abrasive Equipment X
Environmental Recovery Resources, Inc.
Envirosolutions Inc.

EZE Products Inc.

Finishing Equipment Inc.

Gray Mills Corp.

Hosty Equipment Corp.

Jensen Fabrication Engineers, Inc.
Kleer-Flo Co.

Kleiber & Schulx, Inc. X
MacDemid, Inc.
Man-Gill Chemical X
Maxi-Blast, Inc.

Metal Dimensions

MPC Industries

Pangborn Corp.

Parker-Amchem X
Paul and Griffin X
Proceco Inc. X
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Cleaning Equipment continued

Vendor Aqueous Semi-Aqueous Media Blasting Supercritical
Plastic = CO2 Fluids

Solidstrip, Inc. X

Stripping Technologies, Inc. X

Ransohoff Co. X X

SONICOR Instrument Corp. X X

Sonitech Inc. X X

Stoelting Inc. X

Thierica X

Tiyoda Manufacturing USA, Inc. X X

Ultrasound Fabrication, Inc. X X

Unitech Industrial Inc. X X

US Technology Corp. X



Addresses and Telephone Numbers

3D, Inc.

2053 Plaza Drive

Benton Harbor, M1 19022-2211
800-272-4326

ACCEL

1825 E. Plano Parkway
Plano, TX 75074-8129
214-424-3525

ADF Systems, Ltd.
P.O. Box 278
Humboldt, IA 50548
515-332-5400

Advanced Research Technologies
312 S. Vine St.

Park Ridge, IL 60068
708-696-9371

Altos Engineering, Inc.
6009 North 61 AVe.
Glendale, AZ 85301
602-931-8434

Ambassador Marketing
Route 1-Box 207

St. Davaid, AZ 85630
602-720-4310

American Metal Wash, Inc.
P.O. Box 265

360 Euclid Ave
Cannonsburg, PA 15317
412-746-4203

ARCO Chemical Co.

3801 West Chester Pike

Newton Square, PA 19073-2387
800-828-6627

Ardox

16961 Knott Ave.
LaMirada, CA 90638
714-739-2821

Ardox

16961 Knott Ave.
LaMirada, CA 90638
714-739-2821

Ashland Chemical

Industrial Chemical & Solvents
Division

5200 Paul Blazer Pkwy.
Dublin, OH 43017
614-790-3863

Baron-Blakeslee, Inc.
1500 W. 16th St.

Long Beach, CA 90813
800-548-4422

Better Engineering

8361 Town Center Court
Baltimore, MD 21236
800-229-3380

BioChem Systems
14452 W. 44th Ave.
Golden, CO 80403
800-777-7870

Blackstone Ultrasonic, Inc.
9 N Main St.

Jamestown, NY 14701
800-766-6606

Blue Wave Ultrasonics

Division of Alpheus Cleaning
Technologies Corp.

960 S. Rolff St.

Davenport, IA 52802

800-3763-0144

Bowden Industries
1004 Oster Dr. NW
Huntsville, AL 35816
205-533-3700

Branson Ultrasonic Inc.
41 Eagle Rd.

Danbury, CT 06810
203-796-0400

Brulin Corporation

P.O. Box 270

2920 Dr Andrew J. Brown Ave.
Indianapolis, PA 46206
317-923-3211

Buckeye International, Inc.
2700 Wagner Place

Maryland Heights, MO 63043
314-291-1900

Calgon Corp.

Chemical Technologies Group
P.O. Box 1346

Pittsburgh, PA 15230
800-955-0090

Chem-Tech International

1800 Diagonal Road, Suite 600
Alexandria, VA 22314
703-549-1001

Chemical Solvents Inc.
3751 Jennings Rd.
Cleveland, OH 44109
800-362-0693

Chemtronics Inc.
8125 Cobb Center Dr.
Kennesaw, GA 30144
404-424-4888

Cincinnati Industrial Machinery
P.O. Box 62027

Cincinnati, OH 45262
513-769-0700

Circle-Prosco, Inc.
2017 Yost Ave.
Bloomington, IN 47403
812-339-3653

Conceptronic, Inc.

6 Post Rd.

Portsmouth, NH 03801
603-431-6262

CRC Industries, Inc.
885 Louis Cr.
Warminster, PA 18974
215-674-4300

Creative Enterprises

3560 Springwood, Suite 811
Ponca City, OK 74604
405-765-0879



Crest Ultrasonics

P.O. Box 7266

Scotch Rd. - Mercer County Airport
Trenton, NJ 08628

800-441-9675

Dell-Chemical Systems Inc.

7119 E. Shea Blvd., Suite 106-224
Scottsdale, AZ 85254
602-951-5812

Delta Omega Technologies, Ltd.
7608 Hwy 90 W.

New Iberia, LA 70650
318-367-6400

Dextrex Corp.

4000 Town Center, Suite 1100
Southfield, MI 48175
313-358-5800

Dow Chemical Co.
Advanced Cleaning Systems
2020 Dow Center

Midland, MI 48674
800-447-4369

Dubois Chemical Inc.
511 Walnut St.
Cincinnati, OH 45212
513-762-6839

Durr Industries, Inc.
10301 Enterprise Dr.
Davisburg, MI 48360
810-625-5400

Dynamold Solvents, Inc.
2905 Shamrock Ave.
Fort Worth, TX 76107
817-335-0862

Ecolink

1481 Rock Mountain Bivd.
Stone Mountain, GA 30083
800-886-82403272

Eco-Systems

345 Beckett Place
Grover Beach, CA 93433
800-368-3700

Electolube Corp. USA
8200 Saint James Ave.
Elmhurst, NY 11373
718-565-5200

Electonic Control Design, Inc.

4287-A SE International Way
Milwaukie, OR 97006
800-323-4548

Environmental Recovery
Resources, Inc.

P.O. Box 36

South Salem, NY 10590
914-533-6175

Envirosolutions Inc.
335 PostRd. W.
Westport, CT 06880
203-454-5902

Envirosolve

1840 Southside Blvd.
Jacksonville, FL 32216
904-724-1990

ETUS, Inc.

1511 Kastner Place
Sanford, FL 32771
407-321-7910

EXXON Chemical Co.
P.0O. Box 3272
Houston, TX 77253
800-526-0749

EZE Products Inc.
P.O. Box 5744
Greenville, SC 29606
800-255-1739

Fine Organics Corp.
P.O. Box 687

205 Main St.

Lodi, NJ 07644-0687
800-526-7480

Finishing Equipment Inc.
3640 Kennebec Dr.

St. Paul, MN 55122
612-452-1860

Fremont Industries, Inc.
4400 Valley Industrial Park
Shakopee, MN 55379
612-445-4121

Gray Mills Corp.
3705 N. Lincoln Ave.
Chicago, IL 60613
312-248-6825

Hosty Equipment Corp.

27 Inverness Way E.
Englewood, CO 80112-5796
303-792-5200

Hubbard-Hall, Inc.
P.O. Box 790
Waterbury, CT 06725
800-648-3412

Hurri-Kleen Corp.
P.O. Box 29
Trussville, AL 35173
250-655-8808

Inland Technologies
401 E. 27 St.
Tacoma, WA 98421
800-552-3100

Insitu Environmental Chemical Co.
8402 E. Redwing Rd.

Scottsdale, AZ 85250-5740
602-948-9209

Jensen Fabrication Engineers, Inc.
P.O. Box 362

East Berlin, CT 06023
203-828-6516

Kleer-Flo Co.

15151 Technology Dr.
Eden Prairie, MN 55344
800-328-7942

Kyzen Corp.

413 Harding Industrial Dr.
Hashville, TN 37211
800-845-5524

Loctite Corp.

705 N. Mountain Rd.
Newington, CT 06111
800-562-0560



MacDermid, Inc.

245 Freight St.
Waterbury, CT 06702
230-575-5719

Man-Gill Chemical
23000 St. Clair Ave.
Cleveland, OH 44117
800-328-9745

McDermott

2053 APlaza Dr.

Benton Harbor, MI 49022
800-272-5326

North American Environmental Oil

& Cleaning Supply Co.
270A route 46, Suite Bl
Rockaway, NJ 07899
201-627-0722

Oakite Products, Inc.
50 Valley Rd.
Berkeley Heights, NJ
07922

800-526-4473

P-T Technologies, Inc.
108 4th Ave. S.

Safety Harbor, FL 34695
800-441-7874

Parker-Amchem

32100 Stephenson Highway
Madison Heights, MI 48071
800-521-6895

Petroferm Inc.

5415 First Coast Highway
Fernandina Beach, FL 32034
904-261-8286

Proceco Inc.

7300 Tellier St.
Montreal, Quebec
Canada, HIN 3T7
514-254-8494

Qual Tech Enterprises, Inc.
1485 Bayshore Blvd.

San Francisco, CA 94124
415-467-7887

Ransohoff Co.

N 5th St at Ford Blvd.
Hamilton, OH 45011
800-248-9274

Risson Group Inc.
13349 Michigan Ave.
Dearborn, MI 48126
313-581-2620

Rochester Midland Corp.
333 Hollenbeck St.
Rochester, NY 14621
716-336-2200

Selig Chemical Industries
P.O. Box 43106

840 Selig Dr. SW
Atlanta, GA 30378
404-691-9220

SONICOR Instrument Corp.
100 Wartburg Ave.
Copiague, NY 11726
516-842-3344

Sonitech Inc.

239 E. Stephenson St.
Freeport, IL 61032
815-235-2400

Stoelting Inc.
502 Highway 67
P.O. Box 127
Kiel, W1 53042
414-894-2293

Storchem Inc.

3600 Billings Court, Suite 110

Burlington, Ontario
Canada L7N 3Né6
416-639-9700

Sunshine Markers, Inc.
15922 Pacific Coast Highway

Huntington Harbor, CA 92649

800-228-0709

Tech Spray Inc.

P.O. Box 949

Amarillo, TX 79105-0949
800-858-4043

Terpene Technologies Inc.
1325 Midtown Tower
Rochester, NY 14604
716-423-0670

Texo Corp.

2801 Highland Ave.
Cincinnati, OH 45212
513-731-3400

Thierica

900 Clancy Ave.

Grand Rapids, M1 49503
616-458-1538

Tiyoda Manufacturing USA, Inc.

1613 Lockness Place
Torrance, CA 90501
310-539-5471

Ultrasound Fabrication, Inc.
I Maple St.

Shelton, CT 06484
203-924-1624

Ultrasound Fabrication, Inc.
1 Maple St.

Shelton, CT 06484
203-924-1624

Unitech Industrial Inc.

P.O. Box 330

16 South Ave.

Wappingers Falls, NY 12590
800-277-5522

W.R. Grace & Co.
Metalworking Fluids Group
55 Hayden Ave.

Lexington, MA 02173
617-861-6600

Zip-Chem Products
1860 Dobbin Dr.
San Jose, CA 95133
800-648-2661

AC Molding Compounds
So. Cherry St.

P.O. Box 425
Wallingford, CT 06492
800-523-2262



Automated Blasting Systems Inc.
46 Schweir Rd.

South Windsor, CT 06074
203-528-5525

Blast-It-All

P.O. Box 1615

Salisbury, NC 28145-1615
800-535-2612

Clemco Industries Corp.
One Cable Car Dr.
Washington, MO 63090
314-239-0300

Composition Material Co., Inc.
1375 Kings Highway East
Fairfield, CT 06430
800-262-7763

Empire Abrasive Equipment
2101 W. Cabot Blvd.
Langhorne, PA 19047-1893
215-752-8800

Kleiber & Schulx, Inc.
2017 New Highway
Farmingdale, NY 11735
516-293-6688

MPC Industries

638 Maryville Pike, S.W.
P.O. Box 9246
Knoxville, TN 37920
800-340-7523

Maxi-Blast, Inc.

630 E. Bronson

South Bend, IN 46601
800-535-3874

Metal Dimensions
4720 District Blvd.
Vernon, CA 90058
213-582-1955

Pangborn Corp.

P.O. Box 380
Hagerstown, MD 21741
800-638-3046

Paul and Griffin
907 Cotting Lane
Vacaville,CA 95688
707-447-7000

Solidstrip, Inc.

601 Interchange Bivd.
Newark, DE 19711
800-677-4568

Stripping Technologies, Inc.
2949 E. Elvura Rd.

Tuscon, AZ 85706
800-741-0501

US Technology Corp.
220 Seventh St., SE
Canton, OH 44702
800-634-9185

Alpheus Cleaning Technologies,
Corp.

9105 Milliken Ave.

Ranco Cucamonga, CA 91730
714-944-0055

Cold-Jet Inc.

455 Wards Comer Rd., Suite 100
Loveland, OH 45140
513-831-3211

CF Technologies, Inc.

1 Westinghouse Plaza, Suite 200
Hyde Park, MA 02136-2059
(617) 364-2500

Deflex Corp.

3058 N. Lima St
Burbank, CA 91504
818-556-3335
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